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PREFACE. 



The object of the following Essay is to throw some 
light on those phenomena which consist in the devdop- 
ment of subterraneau activity in the form of Volcanos and 
Earthquakes, the investigation of which appears to me of 
primary importance to the progress of Geological science. 

The science of the History of the Globe has, I conceive, 
for its object — the examination of the nature of the in- 
organic substances observable within the ^mits of our 
planet and its atmosphere, with a view to discover its 
origin and the changes it has undergone. 

It is thus naturally divided into two branches, viz. 

I. The examination of these substances and their mutual 
relations. 

IL The establishing conclusions from the resplts of this 
examination, as to their origin^ and the changes 
they have undergone. 

The first division is properly called Geognosy. The 
term Geology should of right be restricted to the second. 

Geognosy embraces the subordinate sciences of Mine- 
ralogy^ Chemistry, and the study of the relative positions 
of Rocks (Geognosie positive of Humboldt.) 
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'V PREFACE. 

Geology has for its business a knowledge of the pro- 
cesses which are in continual or occasional operation 
within the limits of our planet, and the application of 
these laws to explain the appearances discovered by our 
Geognostical researches, so as from these materials to 
deduce conclusions as to the past history of the globe. 

The sur&ce of the globe exposes to the eye of the 
Geognost abundant evidence of a variety of changes which 
appear to have succeeded one another during an incalcu- 
lable lapse of time. 

Th^e ohaoges are chiefly, . 

I. Variations of level between different constituent parts 

of the solid surface of the globe, 

II. The destruction of former rocks, and their reprpduo- 

tion under another form. 

in. Thie production of rocks de novo upon the earth's 
sur&ce. ' 

Geologists have usually had recourse for the explana* 
of these changes to the supposition of sundry violent anfl 
extraordinary catastrophes, cataclysms, or general revolu- 
tions-having occurred in the physical state of the earth's 
•surface. , * 

As the idea imparled by the term Cataclysm, Catastrophe, 
or\Revolution, is extremely vague, and may comprehend 
any thing yon choose td imagihe, it answers for the time 
very well as an explanation ; that is, it stops-further in- 
quiry. But it has also the disadvantage 'of effectually 
stopping the a^dvance of the science, by involving it In 
obscurity and confusion. 

If, however, in lieu of formfng guess^ as to what may 
have been the p6s<;ible cauj^cH and nature of these changes, 



PRfi^AtMS* V 

we pursue that which I coacei've the only legitimate path 
of geological inqairy^ and begin by exatniiliilg the laws ot 
nature which Are actually in force, we cannot but perceive 
that numerous physical phenomena are going on at this 
itooment on the surface of the globe, hf Which various 
ohanges are produced' in its constitution and external 
characters ; changes extitemely Analogoud to thdse i6f ear^^ 
lier date, whose nature is the main object of |;^ological' 

inquiry* 

. .' . . . » 

These processes are principally, ' ' ; 

r • r * 

L The Atmospheric phenomena. 

• , . ^ - . * • 

Hi The law^ of the circulation and residence of Water on 
the exterior of the globe. . 

IIL The action of Volcanos aiid Earthquakes* 

. The changes efiR^cted before our eyes, by the opeiration 
of these causes, in the constitution of the crust of the 
earth are chiefly— 

I. The Destruction of Rocks. . . 

. II. The Reproduction of others. 

"III. Changes of Level. 

ly. The Production of New tlocks from the interior of 
the globe upon its surface. 

. Changes, which in their general characters bear so 
strong an analogy to those which are suspected to have 
occurred in the earlier ages of the world's history, t^at, 
until the processes which give rise to them have been 
maturely studied under every shape, and then applied with 
strict impartiality to explain the appearances in question ; 
^nd until, after along investigation, and with the most li- 
beral allowances for all possible variations, and an unlimit- 
ed series of ages, they have been found wholly inadequate 



to the purpose, it would be the height of absurdity t€r 
]^4ve recoufio to any gratuitous and unexampled hypor. 
thesis for ilm solution of these analogous faets/ 

Tto ^tudy ^ the processes by which these etbciM are at 
present produced On the surfiMe of the globe forms these*' 
Core a most important, but unfortunately most neglected,^ 
branch of Geology* 

It comprehends the following divisions, viz. 

I. Meteorology, or the knowledge 6f the atipospheric 
phenomena, including the decomposition of rock^ 
by the air and light. Electricity, Magnetism, &c. 

n. Hydrology, or the study of the laws that regulate the 
conduct of water on the sur&ce of the globe, and 
its meobMical effeeta on the 3oUd parts of t}»% 
surfitce« 

III. That of the phenomena produced on the exierior of 
the globe by the development of its internal and 
subterranean activity* 

Each of these is equally necessary for a due apprecia- 
tion of the effects which such agents are capable of pro- 
ducing, during an unlimited series pf ages, on the constitu- 
tion of the globe; and at the same time offers in itself a 
subject of extreme interest* 

The following work is an attempt to pursue the last 
branch of study; and, however imperfect, i am not with- 
out hope that it may be found useful in clearing Up much 
of the obscurity and doubt which at present exists as to 
the nature and mode of action of the volcanic forces. 

The opportunities which I have enjoyed for the pro- 
secution of this study were sufficiently favourable to claim 
for me some confidence in the general facts I advance on my 
own aikhority. 



VpI^Mioii m tbf wifUer of 1618^ Ylhi^k \ paiis^d is^Hb^a, 

sight of Vesuyia^ i^pn \^ permfpent e^ujiilioff. In the^ 

coarse of the next year I visited ^tna and the Lipari Isles, 

pMrtif,idar|j[ StrombA)!} wfteye ]( spvsnt so^e d^ys. 4^r 

h^¥iqy e^goainad the; pt^ijtcwDopa pf U(fse active vplcanos^, 

I .tiiUMd mg atteptiop to. th^ wf iRc( vents of Italy and 

France ; passed six months in Auvergne, the Velay, and 

Y4yarais,. con^^u^Uy pcfiitpied in geological re^earcl^es, 

^P(l aft^wfir^^ revisited Vesuvius (which I reached just in 

tiine tp witness the stupepdoiis eruption of Qctobeir ISSS). 

e^fi^ni^ped the. Popza hies, and all the different volcanic 

dis^ric^s qf Italy frpn^ thence to the Euganean Hills, 

returning to England by those of the Rhine, the North of 

Germany and the Eiffel. 

• 

• 

In addition to these original spurpes of information, I have 
ayailed myself pf many of the facts that are to be met with 
in the works of Humboldt, Von Buch, Beudant, Brieslak, 
Brocchi, Monticelli, De la Torre, Mackenzie, Bory de 
St Vincent, and other writers who have published descrip-* 
tions of phepomena or countries o( a volcanic nature* 

: The short sM^ch of a History of the Earth witl^ which I 
hliye.li^en tempted to germinate this essay, may prpbably be 
eonsid.er?d ^s. premature ; but the conclusions to lyhich I 
arrived in the body of the work, on the nature of the \oU 
canic phenomena, unavoidably led to their generalization 
)0 this ^rm; and since the theory is confessedly imperfect, 
requiring much further development, room is left for the 
corrections and improvements that may be hereafter sug- 
g^pted by other researches^ bydrological and meteorolov 
gical, which should perhaps have been made to precede 
eyen the rot^h draft of such a history. 

Tbp Appieiidix will be found to contain a list of all the 
volc^nps known to be at present in habitual activity, taken 
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in great part from that published iat Paris' in the Aonuaii'e 
du Bureau des Longitudes, for the yeai^ ]8fi4; to which 
Messrs. Humboldt and De Buch contributed. 

To this list has been added brief accounts of some of 
their most remarkable eruptions and other conlempora^ 
neous phenomena, from the descriptions of eye^witoesses. ^ 

An artide is also appended to the work, on the f e-^ 
markable volcanic eruption of Xorullo in 1756, in which' 
I have taken the liberty to dispute the inferences drawn 
by M. de Humboldt from the traditionary account of the 
phenomena, and the appearances at present visible on the 
spot, 

I trust the theory I have ventured to put forth will be 
cbnsiclered impartially and without prejudice; and, if so, 
I think it can hardly fail to satisfy a candid and enlightened' 
reader. 

For myself, when the idea was first urged upon m6 by 
the same chain of inductive evidence which is given in the 
work, I was incredulous ; but the more I investigated its 
results, the' more closely did they appear to correspond 
with, and explain the problematical appearances of the 
earth^s crust, which have so long presented a stumblings 
block to Geology. 

Just as these pages are going to press, I have met with 
the work of Mr. Knight on a new theory of the earth, 
which I had not previously known. I observe that some 
of his ideas as to the mechanical deposition of gneiss, 
niica-slate, &c., and the crystallization of rocks by the 
admixture of an aqueous vehicle in very small proportions, 
correspond with mine. We differ however toto ccdo on 
most points. He supposes mountains to have been origi- 
nal protuberances of the granitic surface of the globe, and 
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does not admit of the subsequent elevation of their strata ; 
and notwithstanding this^ he conceives the strata hardened 
by heat. He imagines that the admission of water to the 
metallic nucleus of the globe produces volcanos, &c. ; 
ideas which are completely at variance with the opinions 
as to the nature and modes of operation of the subter- 
ranean forces, developed in the following Essay. 
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dispersed either in sheets^strfams, hammocks or domes. 

§• 4* Examptes adduced.-— Ilemarkahle diflterehce generUly ob- 
servable in the disposition of the tracbytic and ferruginous 
lavas. — Its cause^ confirms our hypothesis on the hature of 
the fluidity of lava. 

§. 5. Procedure of lava poured on the earth's surface continued-^ 
occupies fissures — advances by its own gravity indepen* 
dently of the expulsive force — arched gutters formed by 
its subsidence. — Examples from iBtua i^nd Bourbon—- 
great effect produced on a current by meeting with obsta- 
cles comparatively insignificant;, difficulty with, which it 
swerves froqi a. straight line — Treasons for this-^crystala 
slide over one another with ease, in the direction of their 
longest axis, hence the greater fluidity of clinkstone lavas 
ib^hatdtMction alone — curious pioceduiB of lava when It 
meets with a perpendicular obstacle, as a wall, &)C.«»Ex- 
plaRtttion of. this — its effect on dry grass, shrubs, trees, 
and fragments of other rocks ; on marshy ground ; when 
it enters the sea or any body of water, it progresses more 
slowly below water, but in a similar manner.— Water 
heated by it. — Destruction of fish. — Monte Bolca. 
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€HAP. v.— P*ge 110. 
Consolidaiian of Lava^. 



V* !• Is effected either bj the coodensation or escape of its ilald 
Yehicle. 

§. ?. The condensatfoQ takes place either by increased pressure 
or diminished temperature. — Distinction between the re- 
sults of the condensation of the Jhced and free vapour, 
accompanied by a partial recrystallization, which is facili- 
tated by slowness of condensation* — I/aminar arrangement 
of such crystals in planes perpendicular to tlra pressure. 

§. S. Those Ti^urs only will be condensed which cannot effect 
their entire escape: this cannot take place in some in- 
stances, as in dykes, &c. But where the lava is exposed 
to contact with air or water, it can and does, in one or both 
of two modes. 1. By ascent in bubbles through the liquid 
lava. The inore fine-grained the lara, the more spherical 
the .bubbles; their elongation, compression, and vertical 
extension-«*enlargement : velocity of their ascent deter- 
mined,— -proportion of xapour which escapes to that 
which remains enclosed* Of the latter, part escapes in 
the 3nd mode, viz. by percolation through the pores and 
crevices of the already solid exterior* Laws Which deterr 
mine the porosity of lava, varies directly with the average 
size; and irregular, arrangement of the crystalline particles. 
Thi^ process proceeds from without inwardly, with a ra- 
pidity proportioned to the porosity of the rock.-— Recapi- 
tulation* — ^mpactness of a lava-rock varies Inversely with 
the proportion of vapour which effected its escape by per- 
colation — this proportion varies directly with the size and. 
irregularity of the particles ; that which escapes in bubbles, 
with the specific gravity of the lava, ceteris paribus ; that 
which remains, and is condensed, directly with the size 
and conformable arrangement of the particles, and in- 
^ versely with their specific gravity. 

^. 4. Propositions as to the conduct of lava protruded on the earth. 
I. If of extremely fine grain, and low specific gravity ; its 
superficial congelation is rapid, its internal slow ; great 
fluidity, spherical air-bubbles, sometimes elongated hori» 
zontally or vertically ; crystals the same — examples— the 
scoria; of such lavas is pumice — concretionary process 

b 2 
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which accompanies its $low solidification-— pearlstones, ra- 
diated or not; yariolites. These concretionary parts elon- 
gated in the direction of the mOTement ; their saiMeqaent 
disintegration by diminuhed pressure, produces veined or 
marbled rochs— examples. 

§. 5.— IL A higher specific graWtj with a fine grain increases the 
flniditj of the laya, and its extent of lateral spread ; bub- 
bles rise with greater force ; mde and ragged surfaces of 
such lava currents.--Spherical bubbles confined beneath 
this surface— cavernous blisters — glassj coating of these and 
the surfaces, pseudo-stalaetitic projections— analogy to the 
blisters of loaves-blower part of the current proportion- 
ately compact ; subsequent denudation of the upper and 
scoriform parts in ancient currents. 

^. 6. — III. A high specific gravity with a coarse grain, occasions 
low fluidity, and increased bulk — ^a porous textures-great 
contraction, and wide fissures of retreat — shatter^ apd 
fragmentary surface of such streams— examples. Inregular 
and often angular, cellular cavities of such lavas — exam- 

i pies. 

§. 7. — IV. A lower specific gravity, with a coarse grain, wholly 
prevents the vapour from uniting into babbles — extreme 
poronttj of such lavas— great bulk of currents — examples, 
trachytes, lava sperdne, &c. occasional concretionary sepa- 
tation of parts ; Piperno of Naples, &c. — elongation of 
thete parts in direction of motion. 

§. 8. — V. A low specific gravity, with a: still coarser grain, may 
produce rather a compactness of texture, very little of the 
vapour being free, and the greater part therefore condensed 
— examples from large grained trachytes, syenites, &c. If 
crystals non-conformably arranged, the fluidity is at its 
minimum.— If conformably, it may be considerable in the 
direction of the plane surfaces of the crystals. 

^. 9. — VI. When little disintegration has taken place, and the 
. lava intumesces only by the expansion of its fixed vapour, 
fay the condensation of this it returns to its former com- 
pactness, as may have been the case with syenite, granite, 
&c; 

§. 10. The aqueous vapours that escape from a lava as it consolidates 
are accompanied by mineral substances, which become 
more abundaut as the lava cools, and the quantity of aqe- 
ous vapour exhaled diminishes. . Deposition of these sub- 
stances at the opening of the fissures; their nature. — Difiio 
culty of distinguishing those which are formed in situ from 
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: tliose which are merely Toktilized-^Decoinposittmi of some 
4>f the higredients of lata bj its intense heat, as tlie eiasticit j 
of the contdned Tapour d!miiifeOies;-^Spec«ilftr iron, a pro- 
• intt of Yohitilization — other crj^stalln^atioiis' formed in the 
• same maimer— others'depoBited from water in the pores or 
Tesicles of the roek, 'aeolite family, amygdaloldal kernels, 
agates, &c.— enhydrotts-^ffects of infiltrattoa— changes 
produced on lavai-rocks lt>y.acid v^pourp,. p^rticnlariy th^ 
salphuric. Aluminite. Solfataras, why common tp irolcanic 
(sraters in a state of quiescence. . 

' « 

§. 11. Origin of thermal springs from the condensatioo o^ the 
vapours escaping from a subterranean mass of lava. — Erup- 
tions may be obviated, and the temperature of the focus 
diminished, or rendered uniform, by this placid escape of 
caloric.-wMineral substances held in solution, and: aAeiv 
wards deposited by. them^-*-Interinittent . ho.t-springs — 
Geysers*«— Formation of thermal springs by atmospheric 
water filtering through heated lava. — Jorullp. — Bertrichr 

bad. 

- > • • . . . 

§• It^ Permanent gasses evolved from lavas — mephi tic exhalations 
— Lago d'Averno. 

§• 13. Duration of the process of consolidation->^circumstances 
^ that determine it. — Examples of the time -during which 
. lavas may retain a high internal temperature. 



CHAP. VI.— Page 134. 

Divisionary Structure assumed by Lafcas on their 

Consolidation. 



i » 



§. 1. The process of consolidation must be accompanied at all 
times by contraction. — If it commenee at tlie centre of 
the mass no separation takes place ; but if at the surface, 
different centres of contraction must establish themselves, 
and fissures of retreat be formed between them — ^the 
figures they circumscribe approximate to the hexagon. 

§. % But since no fissure will be formed in a direction parallel to 
the surface at which the process commences, the hexagons 
will be lengthened into hexagonal prisms. Proofs of the 



cootnctile fotce-^Jiameter of priBois^rrq^alftrilyy what 
caiues it — regnhur divisiooB coptned to interior of the mass 
— hencey error, of snpposing none bat the earlieit basalts 
to be pri8aiatie»<— Prismatic confignratioag^neial In dykes. 
— Golai|ins.peif«iidici||ar to the snrlace on which tbej form. 
Effect of a concate and eonvei^ surface— influence in fiiciii- 
tating or preTenting the degradatikm of the rock* ., 

§• 3* Jointed columns — ^laws wUch regulate the freqnencj of 
joints. 

§• 4« More than one divisionary stractnre may be found in the 
same rock-^smaller columns fdcluded in large. - 

* 

§• 5« Globiform structure — suhdiTision into prisms^ or concentric 
folia. 

^ 6. Process of recrystallization which accompanies the contrac* 
tton of the rock — globular conc]tetlons>— angulo«globnlar 
structure. 

* 

^. 7. Tabular structure — lamellar^ Imd slaty or schistose — accom- 
panied or not, by the columnar. — ^Roche Tuflierle« — Re* 
union of some crystalline particles in the planer of the 
lamellae. . . 

§• 8. Clubical or rhoraJliQidal structure. 

§• 9. Recapitulation. 

§• 10. Dinsionary structure confined to rocks solidified by loss of 
temperature— no contraction occurs where the solidification 
is produced by increase of pressure. 

§.11. Question as to the cause of the difference of mineral com* 
position in lavas* — P^bability that they all derive from a 
granitic rode. — How these changes may be conceived to 
have occurred. . 

$. 1% The varieties of lava rock are found in nature to have been 
usually produced, successively^ by the same or proximate 
vents. Contrary opiijiion combated,— examples, — error of 
limiting the production of trachyte or basalt to particular 
ages of the globe— -both the product of recent and still 
active volcanos-— necesrity of restricting these terms |o a 
mlnerfdogipi^ meaning. 
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CHAP. yiL^Page UO. 
Vokmk Meuntalm. 



I HI 



§• !• The simple cone produced by^n single eruption H enlarged 
Isy the i^apetition of eraptiona ft^m the sane Tent Into a 
volcanic monntaln, strengthened by continual additions 
both of solid, and fragmentary products. 

^. 1t^ Rupture of the sides of this cone by the pressure of the co- 
lumn of lava within the vent. La/a flows out through 
openings fomed successively at different levels; confirmed 
by observation* — Elastic 'fluids generally dischai^ged from 
the central crater — while -the lava usually flows out from 
, . orifices in the side of the mountain, or at its foot. — Exam* 
pies from the eruptloiis of i£tna, Vesuvius, Iceland, ftc.-«^ 
Minor and local earthquakes produced by these rendiQg8<-<- 
mountain sometimes nearly split in two — examples. 

§• 3. The consolidation of the lava that occupies these fissures, 
produces vertical dykes, those of Somma-^no fissure ever 
opens a second time.-^Thea^ dykes add greatly to the 
strength of the mountdn. ; 

§• 4« Thus, with the:height and bfilk, the strength of the moun^ 
tain increases, without any limit-— examples — ^false notion 
that at a certain height etupti^s can no longer take place 
by the summit of the cone. 

§. 5. Parasitical cones produeed at these 'lateral vents by the 
gaseous explosions. 

^. 5. Torrents of sand or ashes and water — alluvial deposits--^ 
examples from Iceland — Vesuvius— ^vegetable remains en* 
closed in them. 

4*. 7* ' Mixturb or alternations of volcanic products with marine or 
lacustrite deposits* 

§• 8. Craters of compound cones or volcanic mountains — subject 
. to change-r-under what circumstances. — Large crater left 

1 hy a paroxysmal eruption, filled i|tp by degrees by sub« 

sequent minor erupnons — rieplaced' by a convex plain.— *- 
The occurrence of a second paroxysm breaks up tlris, and 
guts the mountain once more — features of the crater thus 
formed, elliptical — examples of these changes.-^Crater of 
Vesuvius during the last century — that of ^tna — Remarks 
on these changes. 



§. 9. Dimensions of such a crater — under favourable circam« 
stances the 'greater part of the ttiie^ or even the whole 
occasionally, blown into the air--^xamples of such pa- 
roxysmal ezploskmS) and craters produced by them — often 
occupied by lakes — ^their characteristic features. 

§. 10. Other Iake8-^basins.ef.tlii8..character are formed by ex* 
plosions from a deep focus on a fresh point — example — 
' those of the Eiffel, IViTen, &c. 

§.11. Bursting of lakes formed in the interior of Tolcanie craters 
— eluvlal deposits — trass, moya,' and some* tufas— -peculiar 
to trachytlc volcanosr-^insionary 8thiotttre> assumed by 
these conglomerates on desiccation^ veins ia them-^rgamc 
remains. 

§. 12. Minor eruptions probably take' place from an upper focus 
within the volcanic chimney. — Paroxysmal eruptions, from 
the deep subterranean lava-bed. 

§.13. Occasional shifting of primary vent, and extinction of the 
central crater, — examples, — Isle of Bourbon — crater re- 
duced to a solfatara by the slow escape of vapours from the 
lava beneath. 



CHAP. VIIL— Page 171. 



Subaqueous Volamos. 

§.1/ Probability that they are very numerous — can rarely be ob« 
served, and never until the volcanic apex approaches the 

surface of the sea. 

* 

§; 2. Instances known — their phenomena — differ little from those 
of a subaerial vent. — No reason for supposing the straCa[ at 
the bottom of (he sea to be elevated always. 

§. 3. Great increase of the repressive force owing to the weight 
of the column of water above the vent — its results — 1. ex- 
' treme tension of the confined lava: 2. condensation of 
escaping vapour which will not rise to the surface, except 
when the vent is near that surface. Hence such an erup- 
tion can rarely be visible; and, when visible, the apex of 
the cone cannot be far removed from the surface of the 
sea. 



.^4*: Mineral cintMitftiicea held ia solotkm. in the vi^ar of the 
. . ^I^ya are coiideii9ed.<with thfitai^ and Qilxed with sea-water. 

' * • 

-^.^5.' Disposition of* fragmentary products— formation of cone — 

suspension of finef particles, and -their disposition in hori- 

. • zonte^l s^tralar-exampies — aUematipn with calcareous, and 

other^ marine deposits — ^spliditj and colierence of some 

tufas — its caus^-r-similarity to trass, &c. 

V«'6. Dispo8itioa-6f lavas beneath the Sea-Tfollows the laws an- 
BotAced iibdve.«^Soperior fluidity occasioned by the den- 
sity of the medium checking the escape of the elastic 
. fluids, and retarding the consolidation of the lava — agrees 
with obseryation— T^omparative absence of scpriform parts,. 
, but.frequeiicy of vesicular lavas — amygdaloids, infiltrator j 
process favoured by subaqueous position, 

§. 7. Difficulty of distinguishing new ^m habitual vents In sub- 
. aqueous eruptions— Examples of either kind. 

-§• 8. When the summit of the cone is raised above the level of 
' the sea, it becomes an ordinary subaerial volcano. This 
elevation may take place in two modes, 1. by the accumu- 
lation of matter produced by repeated eruptions ; 2. by 
elevation en masse, owing to the expansion of the inferior 
» laya-bed. 

§. 9. Characteristic features of the rocks elevated above the sea- 
level by these different modes; — examples of either kind — 

{ the latter accompanied by elevations of the neighbouring 
strata — examples^— Isle de France, Pnlo Nias, &c. Coral- 

.. line islands of the Pacific nearly all probably baSed on 
volcanic .submarine eminences — the Madrepores only build 
within a short distance of the surface of the ocean— subse-^ 
quent elevation of these beds. — Leeward isles. 
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CHAP* IX.— Page 187. 
Sjf stems of Volcanos. 



§.1. Law which determines the position of a new vent of vol- 
canic action ; generally on the prolongation of a previous 
fissure of eruption, or in the vicinity of a former vent ; 
hence groups, or linear trains of volcanic vents — examples 



" o-^FVaiiee; CfeMiitiy) Italy^ Lenw^td l l i cs --* rt tt ii Mrk«bte 
4MUII oC'OpenliilBencitMi^dieFadfio'-^^erMftoBoppose 
tl^era alwajBvpanllei to the meriditn. CkmneciUoii of iiH 
-sulated Yeatl by ut^imediate links. - 

^* SiT Of these sjrsteins seme Vents renitfn aetlte^ othenr closed ; 
the Ibmier acUng.as safety-vaUesi— Ita tase <if their ob- 
straction, Ifesh vents prodnced^ or old ene-reepenedy pre- 
ceded l^y earthquakes iind eter^ti^ii pi sti^Ur-^ezainpleB-^ 
. proofs that the. existence, ojt a^^tive volcaoos <^?iates the 
r , occnni^nce of destractiTe earthqvakest 

§• 9* Appeanttioes in the constitntion of the known snrfkce of the 
t ' } • globe, Indf eating freqnenft and violent elevations of strata 

by flttbterranean lexpansion-^particnlaiiy in mountain 

ranges* 

^'4. Proofs that these elevations have been in general mversely 
proportionate to the development of the volcanic pheno- 
meaa in the same quarter of the globe« — ^Answer to.objec* 
tion drawn from the contiutental velcaoic range; of the 
. Andes. — The elevation of some neighbouring mass of 
. .strata (continent) must precede the formation of any pri- 
mary Volcanic fissure«-?-Reia)arksible .parallelism ol insular 
volcanic trains' to the outline of the neighbouring conti- 
nental ranges — and to the direction of the elevated strata 
near them* 

§.5* 'Wherever any gr^at elevation of strata has occurred, vol- 
canic eruptions are proportionately rare-^proofB* 

§• 6. Answer to objection derived from the feet, that earthquakes 
occur chiefly in Yolcanic districts. — 1. An earthquake of 
some kind mujst precede every eruption ; but mimerous 
earthquakes may yet take place without occasioning a 
single eruption. 2. On those parts of the globe which 
have suffered greatest elevation, the repressive forces are 
in excess, owing to Ihe diminution of the expansive force 
brought on by its successful development, and the escape 
of caloric in other modes. 

§. 7. General extension of the subterranean bed of heated crys- 
talline rock beneath the whole surface of the globe. — 
Volcanos the incidental knd secondary effects of expansions 
— of which the primary result is the partial elevation of 
the solid crust of the globe. 
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CHAP. X.— Page 200. 

■ 

\ 

Development of SuUerraman Expa^jsion in the EleviUidn 
of Str^0^ andProduethn 'Of Qmtinenis^ above the Level 
' of the Ocean. ' . 



§• 1. Nature and order of the elevated strata — lean against crystal- 
line rocks-Hsirajtified and uD8tratified--r-the latter appear to 
be portions of the subterranean lava-bed protruded en 
masse through the stratified rocks. 

!• 3. Correspondence of the fractured strata on either side of the 
axis of elevation — replication of the schistose strata forced 
along with the cfxpanding granite ifrom either side towards 
the fissure of elevation through which they are protruded— > 
sometimes entirely covering (mantelformig) the crystal- 
line rock below ; sometimes disclosing it — superficial in- 
tumescence and extravasation of this rock — portions of 
lava will also be included between the folds of the lower 
schists; forming the axes of secondary ridges of elevation. 

^. 3. At the same time the upper beds recede from the axis 6t 
elevation, sliding down the planes of their stratification by 
the influence of gravity, and become also contorted by the 
resistance opposed to this subsidence. 

§. 4/ By the denudation of the extreme fiexures of these replicated 
strata, they appear to alternate frequently in a recurring 
series — some members occasionally wanting, &c. 

§• 5* Occupation of cracks by iatiimescent matter from below—- 
dykes and veins of intruded crystalline rocks*— where the 
strata break rather than bend they will be often laised in 
craggy masses^ and left in insulated positions, separated 
from one another by wide fracture chasms.-^Dolomitlc 
pyramids of the Tyrol — basalt of that districtT-explanation 
of a remarkable fact mentioned by De Buch in this lo- 
cality. 

\. 6. Parallelism of the linear trains of volcanic vents and proxi- 
nate mountain ranges accounted for-^the formation of ele- 
vation fissures, and eruption fissures contemporaneous — 
the latter torn through the prolongation of the lower strata 
by the force which urged them towards the "fissure of ele- 
vation — such a fissure widened and fresh vents produced 
on it by subsequent elevating shocks ; or if this fissure is 
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sealed up, a new one may be formed by the same canse ; 
hence the peculiar difference between the fissures of ele- 
Tation and eruption. 

§..7. Thus of the fissures broken through the. elevated strata, the 

largest and deepest occasion extravasations of the inferior 

■ lava-bed, dykes, &c. — Others gave rise to mineral veins ; 

others to faults and slips; the least, tobreocias and veined 

marbles, serpentines, &c« 

§. 8. Elevation of strata preserving their horizon tality — examples 
included between two elevated ranges* 

§. 0. Longitudinal valleys — ^formation of in the concave flexures^ 
' or abrupt fractures of the elevated rocks— examples. 

§^10. Distinction between primary and secondary anticlinal 
ridges, or axes of elevation— circumstances which inter- 
rupt the parallelism of the latter to the former. — ^The 
intervals between the secondary anticlinal ridges are lon- 
gitudinal valleys — CT^amples from Scotland and England — 
. / subsidence of the upper limestone strata from off the se- 
condary ridges, leaving anticUn'al Trolleys — examples. — 
Transverse fractures, generally effect the drainage of the 
' basin. 

.§. 11. Transverse valleys of mountain ranges — their or^in partly 
from transverse fractures in the elevated strata— -examples — 
enlarged and partly filled by the retreat of the ocean from 
the elevated surface, Piluvium — other transverse valleys 
excavated by the retiring waters alone, and perhaps by the 

causes still In action. 

^ ■ ■ 

§.12. Conclusion from analogy of volcanic phenomena, that these 
elevations took place by successive shocks — ^generally of 
minor violence, like the earthquakes felt so frequently at 
present — sometimes perhaps /yarodTj^^ma/. — Elevation of the 
Alps, and perhaps of the whole of Europe, attributable to 
such a catastrophe. — The traces of diluvian action pro- 
duced by the waters of th^ ocean retreating by successive 
oscillatory movements. — Boulders of the Alps and of the 
North of Europe, &c. — since that epoch none but minor 
elevations accompanied by scarcely perceptible shocks. — 
Doubt whether the elevation of the other principal conti« 
nental masses was contemporaneous or not to that of the 
Alps — if 80j probably the result of the near approach of a 
comet — other paroxysmal elevations probably preceded this ; 
that of the old red sandstone— rtheir repetition attested by 
geological facts. 
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§• 13. Proofs that the developments, of sobtiprranesifi expansion, 

nvhether in the form of volcanic phenomena, or elevation 

of saperfictal rooks, must have progressively, diroinished in 

frequency and violence from the oommencement of the 

. globe's history. 

§. 14. Mineral nature of the general subterranean bed of crystal- 
line rock — most probably granitic* — Its conversion during 
the process of repeated* intumescence and reconsolidatioii 
into syenite, greenstone, porphyry, compact felspar, ser- 
pentine, diallage rock, &c, — all pass into one another — 
they may therefore all have derived from the same original 
rock. 



CHAP. XL— Page 220. 

Origin of the Strata composing the Crust of the Globe ^ 
involving a New Theory of the Earth. 



§. 1. H^ular structure of th6 globe's solid surface previous to any 
elevation above the sea-level. — Concentric coats, consist- 
ing, first, of the fundamental granite ; next, the laminar 
rocks, gneiss, and the schists ; above these, the transition 
and secondary series, or a part of them. — Question as to 
the original formation of these zones. — ^The upper beds, 
analogous to the arenaceous and sedimental deposits from 
vater actually taking place. — Their differences to be ac- 
counted for — how. 

§. S. By the denuding force of waves produced in the ocean by 
. the sudden elevation of continents from it» bottom. — Anti" 
podal rise; oscillatory movements. — Fragments deposited 
at different distances according to their size and weight — 
. the finest mingled with calcareous and bituminous matter, 
&c. — consolidation of such rocks— not effected by heat, 
but by a concretionary process, assisted by pressure, and 
the exudation of the aqueous vehicle. — Seams of strata, 
chalk-flints, &c. occasioned by this process. — Crystalliza- 
tion facilitated by fineness of grain — the greater the pro- 
portion of precipitated to sedimental matter, the finer the 
grain ; and therefore the more crystalline and compact 
the rock. — The oldest rocks usually the most crystalline, 
explained by the greater proportion of precipitated to 
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sedimental matter in the ocean of early ftimei-*cao8eii of 
this-^origin of the waters of the globe's sarface — greater 
pressure sastained bj the older rocks^^proofs of tbe incom- 
plete consolidation of the strata at the time of their eleva- 
tion* — Different characters of the stratified rocks suffi- 
ciently explained by these consideratioos without recurring 
to the idea of their being hardened by heat* — Even the 
more completely crystalline, viz. statuary limestone, quartz 
rocks, &c* probably precipitations; when the sediments 
predominated, mica, talc, and chlorite slates produced. 

§• 3* Question as to the origin of gneiss — its laminar structure 
analogous to that of clinkstone aud the laminar Tolcanic 
rocks. — Owing probably to the same cause, the pressure 
sustained by an intumescent mass of granite between the 
expansive force of the mass confined below, and the weight 
and cohesion of the sedimental and arenaceous rocks, 
which had settled above it, as well as of ths atmosphere 
and ocean. — This structure further increased by the fric- 
tion of th^ laminae against one another as they were pro- 
truded. 

§. 4. Sketch of a Theory of- the Globe — granitic exterior — dimi- 
nution of pressure when it arrived in its actual position in 
the planetary system — consequept superficial expansiop — >• 
flattened spberoidal figure — rise of great bodies of aqueous 
vapour to the outside of the globe— its partial condensation 
forms the primaeval ocean — cooled down by superficial va- 
porization-^<;ontains mineral substances in solution and 
suspension. — Formation of gneiss by the subsidence of the 
felspar, quartz, and mica, 9s the s^eam escaped from the 
disintegrated granite.— rTermination of the inward progress 
of expansion — momentary equilibicium betwe^ the oppo- 
site forces of attraction and repression — state of the globe 
at this time — its division into zones of more or less dilated 
matters — beds of granite, gneiss, mica-schist, and transition 
rocks — ocean and atmosphere. — The mica-schist and tran- 
sition beds formed the first solid envelope or crust of the 
globe. — Beneath this a new process took place, viz. the 
increase of temperature and expansive force of the granitic 
beds which had been cooled down by their dilatation, 
caloric passing towards them from the heated nucleus of 
the globe. — This increase must sooner or later produce the 
disruption of the outer and solid trust, forming through it 
fissures both of elevation and eruption^ and giving rise to 
the phenomena described in former chapters. — Minor fis- 
sures accompanying the elevation of the strata, producing, 
1 . injected veins — 9. contemporaneous veins — 3. mineral 
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veins — 4« quartz veios — 5. breccias, marbles, &c.-*Di8- 
turbance of the ocean broke up the outer rocks, and pro* 
duced the conglomerate strata — their passages into clay- 
slate, quartz-rock, transition limestone, &c. -^Organic 
nature — coal strata, secondary strata, &c. — Gradual de- 
crease of the quantity of water circulatiug through the 
atmosphere, and over the earth's surface, and consequently 
of its effects. — Similarity of coeval deposits — their strictlj 
local nature, alternations, &c. — Opinion with regard to 
the destruction and reproduction of rocks in different ages 
effected by the same causes which are still In operation, 
but to which rare combinations of circumstances sometimes 
gave a prodigious force. 

§. 5« Conclusion — that the formation of the grand mineral masses 
of the globe are owlug to three distinct processes, often 
however confused in their results, viz. — 1. Precipitations ; 
2. Subsidence of suspended matters ; 3. Intumescence by 
subterranean expansion. — ^These causes stUl in action^ and 
therefore obviate the invention of unexampled hypotheses, 
suggested by the wonderworking spirit which is inherent ui 
our nature. 
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No. 1. List of known Volcanos in habitual or recent activity. 

No. 3. Observations on the circumstances accompanying the erup- 
tion of JoruUo in Mexico, as related by M. de Humboldt. 



ON VOLCANOS, &c. 



CHAP. I. 

Descrtptive account of the Volcanic Phenomena. 



•■■•M**aMa*Ba«H 



§• 1. The action of a Volcano, in its simplest and most 
general form, may be described as, the rise of eartby sab* 
stances in a liquefied state and at a high temperature, 
(Lava,*) from beneath the outer crust of the earth ; accom- 
panied by prodigious volumes of elastic fluids, which, dp** 



* Lavtty IS properly any rock in a state of natural liquefaction by heat i 
und this term does not imply its existence in the form of a current (coule6)« 
or any other mode of disposition. Scoria have been in the state of lava, aa 
well as the more compact blocks. The oldest trachytes were produced 
from the earth as l&vas. It is idle to attempt to confine the term to those 
rocks which exist as currents, and deny it to those which have the form of 
dykes, masses, &c. ; since these different dispositions are often assumed by 
separate portions of the same continuous rock. Thus, when a current of 
hiva^ has flowed over a surface in which any fissures had been previously 
fonned, by earthquakes, or other causes, the liquid matter has occupiea 
these cavities, producing veins, or dykes, which take off*, like roots, from 
the overlying bed* \ 

Those geolog'ists who insist on confining the term lava to a rock in the 
Ibrm of a current, must, in these and similar instances, assert the vertical 
dykes to be a different rock from the flat bed of which they form the pro-- 
lon^tion, and with which they are identical in mineralogical character ; 
which would manifestly be absurd. This unteuable distinction is in reality 
dictated by a remnant of the spirit of the Wernerian scepticism on volcanic! 
sob|ects : those who have lorg combatted the Plutonian opinions naturally 
retain an extremely sensitive antipathy to the terms lava and volcano, and 
ace anxious to confine their meanmg within the narrowest possible limits. 
. When beaten in an argument as to facts the necessity of a retractation, 
and the mortification df the peccavi may be often evaded by a skilful stick-» 
liUff about words. 

, Upon their consolidation, lavas become rocks of trachyte, basalt, &c« 
according to their mineral composition. 

A 



i Dispersion of Volcanic Vcnis, 

peariDg^ to be evolved from the interior of the mass, barst 
upwards with violent successive detonations, scattering into 
tne air, to a considerable height, numerous fragments, still 
in a liquid state, of the lava, through which they tear their 
way, tojDfether with shattered blocks of the solid pre-existing 
roclis, which obstructed their expansion* 

§• S. These phenomena, which are currently designated as 
Volcanic Eruptions^ are not confined to a few particular 
localities, but take place, either continually, or at intervals 
of greater or less duration, from numerous points, in all 
quarters of the globe. 

The known active volcanos, or habitual vents of volcanic 
energy^ .have been reckoned to amount to nearly SOO in 
number. 

This calculation must be considered as greatly below the 
amount of those that really exist on the glooe. 

L Because a large proportion of the earth's surface re- 
mains unknown to us, and it is probable that volcanos 
exist in that part as well as in tne rest* 

II. Because these phenomena are most irequent and eiitsr- 

fetic exactly in those quarters of the globe which 
ave been least explorea ; viz. in the interior of N. 
and S. America, ana amongst the innumerable archi- 
pelagos of the great Pacific Ocean. There is therefore 
great reason to suppose, that, when these districts are 
better known, we shall find them to contain more 
volcanos than those 'of which we have as yet received 
intelligence. 

III. Because the intervals of rest, which occur betweea 
the eruptions of a volcano^ are sometimes of such 

. long duration, that all accounts of their former occur* 
rence are forgotten, and the volcanic character of the 
mountain remains unknown, until a fresh eruptioo 
proclaims the continued activity of its gubterraBeao: 
focus. 

lY. Because there is good reason to believe that very 
many volcanic vents exist at the bottom of the sea ; 
few of which can be brought under our obeervation 
before the orifices of .eruption have been raised above- 
. . the level of its surface. 

Taking all these circumstances into consideration, it is- 
surely allowable to suppose that we are not acquainted with 



ErujpHom — Sub^aerialy or Sub-qgueous, .3 

wore than one half of the occadioDally active voleaaos exht^ 
ine on the 9ur&ce of the aolid crust of the globe. 

In running over the catalogues* of active volcanos whi^h 
liave been framed from the accounts of such phenomena re- 
ported by eye-witnesses on different parts of the globe, we 
find, them irregularly scattered over the whole surface of our 
planet, 4iccurring indifferently in all latitudes, and under 
every meridian ; sometimes detached singly, and at a consi- 
derable distance from each other ; but generally either con- 
centrated into close groups, or forming a connected linear 
chain or series; in some very rare instances seated in the 
interior of a continent : usually, however, rising as insular 
mountains from the depths of the ocean, or at very little dis-* 
tancefrom its borders, upon a maritime coast. 

^* & Amongst the circumstances which must most mate- 
rially characterise any individual development of the vol-: 
canic forces, are those which relate to the situation of the 
point on which the eruption breaks through the solid cru^t of 
the earth :: and most particularly whether this point is placed 
above or below the surface of any of the great boai.es oi 
water, which cover so large a portion of our planet. 
' In the first of these cases, the eruption' takes place in open, 
air; in the second, in water; and the different density of 
these media must considerably modify the nature of' the. 
pbeupmena, and the conduct of the s.ubstances, whether 
ffaseous or solid, produced from the interior of the earth*. 
We shall therefore consider separately these different kinds 
of eruptions, of which the first may be called -^iifr-aenW, the 
second mb^ueous. 

. The: latter class of eruptions, though we have reason to 
believe them by no means of rare occurrence, can at least be 
but very rarely observed ; and their phenomena, even when 
the attention of those who chance to be passing near the 9pot, 
18' called ia them, oan.be only partially and imperfectly per- 
ceivable. The water may be observed to be more or less 
agitated, heated, and discoloured, and to be traversed by the 
nsing column of gaseous fluids emitted below, and even by 
jets of the' fragmentary matters they carry up with them ; but. 
it is only when the accumulation of the solid substances pro* 



* Vide Histoire des Volcans de M. Ordiiiaire-;-BriesIak, Institutions 
Gr^ologiques, toih. iii. Annuaire du Bureau des Loa^tudes, ^An. 1824.; 
A catalogue compiled from these and other sourees is given in tht Appen- 
dix, ^o.h ' - . 
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4 • from NeWj or Mabiiual Sources^ 

thided from betow, have at lengtb elevated the vent abave 
the water level, and the phenomena consequently take place 
in open air, that they become more immediately liable to 
direct observation, and they then enter into the first class of 
eruptions — sub^aeriaL 

It is therefore to this dass principally that we must direct 
dur attention, in studying the laws of volcanic action* 

Phenomena of Sub-aerial Eruptions. 

§. 4. The character of a volcanic eruption taking place in^ 
dpen air will vary considerably, according as it proceeds 
from a new or an habitual vent. Since, in the first case, it 
roust force a passage through rocks previously uninfluenced 
by c&tastrophes of this nature, and in which an immense re- 
sistance is, in all probability, opposed to the rise of the laVa 
and aeriform fluids, by the cohesive force, as well as the 
Weight, of solid and undisturbed strata of various kinds. 

In the second case, on the contrary, the eruption has been* 
preceded by a long series of similar explosions from the same 
point, an issue has been previously broken through the con- 
tinuous strata of other formations, a road opened for the 
Occasional discharge of superabundant activity, and the anly 
resistance to be overcome will consist in the greater or les9 
obstruction of the vent thus established, by the accumulation 
tvithin and above it, of the solid substances produced by prior 
eruptions, 

§. 5. It is obvious that an eruption occuring from a vent 
newly opened on the surface of a continent, must be modi«* 
fled, both in its circumstances and results, by the nature and 
disposition of the solid rocks it traverses. Examples of such 
phenomena are of very rare occurrence ; indeed few or none 
have been recorded that may be strictly reckoned such. 

The eruption of the Monte Nuovo, in the bay of Baise, 
can scarcely be allowed to bear this character, since it occur-^ 
i^ed in the midst of the volcanic soil of the Phlegrean fields. 
The same must be said of the eruptions on the Mexican 
plateau which produced Yorullo and five other volcanic 
cones (as described by Humboldt), where the country around 
exhibited previous traces of volcanic action. These ^ xam- 
ples, therefore, belong rather to the class of subsidiary aper- 
tures to. habitual, or previously active volcanos. 

But 141 tjipse districts where the volcanic activity appears^ 
to have been but' recently extinguished^ if it is in reality yet 
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^B&nclied for ever, we have many remarkable instances of tho 
occurrence of single eruptions on freshand isolated points^ 

The high plateau of granite, for example, which rises to 
the west of the Limagne, in the French province of Auvergne, 
and separates the waters of the Allier and Sioule, presents a 
chain of above seventy distinct cones, produced in this man* 
iier« And upon the same linear band, prolonged through the 
provinces of the Velais and Yivarais, are to be seen a string 
of similar cones, amounting in number to more than 20£ 
£ach of these is visibly the produce, usually of one, at the 
utmost, of three or four eruptions ; and, throughout the 
whole line, the ejections of each separate eruption may be 
distinguished, and their number counted, with more or less 
accuracy ; so that this country presents a field for the study 
of the different modifications of volcanic eruptions, infinitely 
superior to that which can be offered witbiQ ^ny limited 
period, by any one active volcano existing. 

The district of the JSiffel, .and that }ying oq the left bank 
of the Rhine, above Andernach, afford similar observations;, 
and though on a less extensive scale, and generally of a less 
recent date^ are remarkably instructive, from the diversity of 
the rocks they have produced, from the varied nature of the 
strata broken through, and from the peculiar deposits of ai| 
igneo-aqqeous character* by which they are accompanied, 
and the origin of which their state of great preservation su$r 
ciently discloses. 

§.6. StiU, however interesting the deductions we are 
enabled to draw from the «tudy of rocks produced by vol- 
canos only recently extinct, it is from positive observations 
on the volcanic phenomena in full activity, that we must 
expect to derive the soundest knowledge of their nature and 
mode of operation^ And for this purpose it is necessary tp 
direct our attention more particularly to those habitual 
vents of volcanic enery, from which eruptions take place, 
either unceasingly, or at intervals of greater or less duration, 
and which by the accumulation of their products have unir 
versally been surrounded by a mass of considerable size, eon^ 
stituting a volcanic mountain. 

§. 7. A rapid review of the information we possess on th6 
phenomena of the different known volcanic mountains, or. 
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haMual s&mrees ofvokame producis on the globe, leads to tVe^ 
conciogion that there exists the most complete irregalarity '' 
with respeet to the periods and intensity of their activity. 

Some volcanoB are for ever in a state of incessant eruption ; ' 
some, on the contrary, remain for centories in a condition of - 
total oatward inertness, and return again to the same state oP 
apparent extinction after a single vivid eruption of a day's* 
duration ; while others exhibit an infinite variety of phases 
intermediate between the extremesof vivacity and sluggtsh- 



But upon a closer examination, it is easy to discern that,' 
amidst all this prim& fiu:ie irregularity, a certain degree of 
order and harmony exists ; a general correspondence of conse-* 
quences to preceding circumstances is perceivable ; and we* 
are led to suspect that the apparent anomalies are but oscil- 
lations about a fixed coarse of acti<m, determined by the pe- 
culiar condition of the individual volcano, and as subject to' 
the influence of a general law, as any other of the great 
recurring phenomena of nature. 

§. 8. The various conditions hinted at above, as exhibited' 
bv the diflerent active volcanos, may be distinguished into* 
three general classes, viz* 

I. In which the volcano exists incessantly in outward erup-- 

tion — Phase of permanent eruption. 

II. In which eruptions, rarely of any excessive violence, 

and which continue in a comparatively tranquil 
manner for a considerable time, alternate firequently^ 
with brief intervals of repose.— >Phase <if moderate* 
activity* 

III. In which eruptive paroxysms, generally of intense 
energy, alternate witn lengthened periods* of complete 
external inertness. — Phase of prolonged intermit- 
tences. 

Class I. 

Phase of Permanent Eruption^ 

From a variety of circumstances it may be suspected that 
this condition can be but of rare occurrence, and indeed we 
know of but one well authenticated instance in which it i^ 
exhibited. The volcano of Stromboli, one of 'the Lipari 
islands, is always in a state of ceaseless eruption, and there is 
good reason to believe this condition to have lasted without 
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ifltermissioB Atxrinf fbe last J9000 y^ara aCleasC The aeri« 
form fluids here continue to escape by successive explosions 
from the same habitual vent^ apparently as fast as they are 
generated within the subjacent.mass of ebullient lava, which 
never overflows the lip of the orifice, find is rarely, 'if ever^ 
emitted otherwisie than as projected scorifi.^ 

The volcano.in the lakeof I^icaragua, called by our sailors, 
the Devirs mouth, is likewise represented as exifsting lA 
the state of continual aotivity^ncandescent scoria are eon* 
stantly thrown up from it in jets: but, as at Stfomboli, the 
lava is seldom, or never, discharged in any quantity. 

Perhaps amonest the numerous volcanos of the Oriental 
Archipelagos, other similar examples may be hereafter dis^ 
covered* 

Class II. 

Phase of Moderate Activiltf, 

% .10. This condition is common to a great number of volca> 
nos, and particularly exemplified in those which, from their 
proximity to the seats of civilization and science, have been as 
yet almost exclusively studied. 

It is characterised by the alternation of minor eruptions, or 
periods of prolonged external activity, with brief intervals of 
qiiiet. " 

Such was the condition of Vesuvius, from the com mence- 
nient of the present century, up to October, 1823: during 



* I yns assured by the inhabitants of the island, who are almost solely 
fishermen, and therefore have the volcano constantly under their observa- 
tion from the sea — ^that the intensity of its eruptive violence is much greater 
in winter than in summer, and usually encreases in proportion to the stor- 
miness of the season, so much so that they augur fair or foul weatiier by thie 
state of tile volcano. If their accounts are to be believed, the abrupt face 
of the cone^ which shelves down almost perpendicularly from the volcanic 
orifice to the sea, is occasionally split open in the storms of winter, and dis- 
charges a current of lava into the sea, by which the water is heated and dis- 
coloured, and fishes destroyed so as to be cast on shore ready boiled. The 
volcanic phenomena of this island are remarkably interesting. I shall 
hereafter return to the consideration of the circumstances which may be 
•the cause of tiie extraordinrv e^ilibrium that, in this rare instance, seems 
to be perpetually maintained between the volcanic force, and the resistance 
opposed to it, by the weight of the elevated lava and the obstruction of its 
vent. Sir W. Hamilton,, in his ** Campi Phlegrei,'* also mentions, and 
grves an engraving of the lateral escape of a current of lava from the side of 
Ibis singular cone« 
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whicli time the volcano has remained frequently in eruption, 
tor the space of five or six months together, discharging jets 
of scoria and sand, from some temporary orifice at the summit 
of the cone ; while diminutive streams of lava, sometimes 
two or three in number at a time, welled out with the tran- 
quillity of a water-spring, from openings in its side. 

These periods of activity were succeeded by intervals of rest, 
lasting perhaps some few months, till interrupted by the re« 
commencement of eruptions, resembling the preceding ones, 
but always from new orifices, broken through the summit of 
the cone ; the prior issues being apparently choked by the 
consolidation oi the lava they produced, and the weight of 
the small cones raised by the loose ejections. 

In October, 1823, this state of things terminated in an erup* 
tive paroxysm of great violence, which, in all probability 
(like that of 1794), will have efiected a change in the condition 
of the volcano, and bring it into the third phase, or that of 
prolonged intermittences. 

The same volcano appears to have existed in a smilar phase 
of continued activity, from 1767 to 1779, when a violent ertip- 
tion, analogous to that of 1S2S, put a period for a time to the 
eontinuanceof the phenomena, and reauced the volcano again 
to the third phase in which it remained till about 1803. 

The actual state of i3Stna offers another instance of the 
volcanic phasis under review. 

During the last 20 years four principal eruptions have taken 
place, viz. in 1805, 1809, 1811—13, and 1819, each of which 

£ reduced a considerable quantity of lava ; but the intervals 
etween these epochs of remarkable excitation, were not with- 
out various minor phenomena attesting the continued activity 
of the focus. Frequent earthquakes were felt, not only by 
the inhabitants of the mountain's flanks, but often through the 
whole island; one of these shocks (16th February, 1810) is 
said even to have extended its influence as far as Cyprus^ 
Smoke was almost continually emitted by the crater; accom* 
panied occasionally by detonations, and probably by jets of 
scoria, since the appearance of flames so often mentioned by 
Signer G^ipmelaro,* was in all likelihood caused by the light 
pf the jets which took place at the bottom of the deep critter, 
reflected from the impending cloud of smoke and vapour* 

Many of the volcanos studding the Pacific, as well as some 
pf that great train of active volcanic yents which stretches in 



♦ Vide Annals of Philosophy, 1822. 
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m sinuous line from the N. extremity of the Peninsula of 
Kamskatchka through the Japan, Loo-choo, and Philippine 
isles, the Moluccas, and Java, into Sumatra, and the island 
chain of the Andamans, &c. seem, from the meagre informa* 
4ion we possess concerning them, to exist in this state of pro- 
^tonged but moderate activity ; since the same volcanos are 
^en to he constantly in eruption by the crews of the different 
vessels that naviffate these Archipelagos* 

This is probably the condition of the volcanos of Barren 
island, of Arjuna in Java,* of the small island between Timor 
and Ceram, of that of New Britain, seen successively by 
Dampier, D'Entrecasteaux, Lemaire, and Schouten, in erup* 
tion ; of that of Tanna in the Archipelago of the New He« 
brides, seen in activity by Cook, D'EIntrecasteaux, and 
Forster ; of the Peak of Ternate in the Moluccas ; of those of 
Mutova and Tharma in the Kurile islands^ and some others in 
Japan, and the Aleutiaii Isles. 

Amongst the American volcanoes we may instance as 
existing in this phase tl^at of Popocatepetl in Mexico, which 
has been continually active since the period pf the conquest of 
Mexico, (see Humboldt) and that of Sangay in Quito, which 
has been in incessant activity since the year 1728. 

The volcano of the Isle de Bourbon offers another remark^ 
able example of the phase under consideration. — From ac« 
counts given by M. Hubert, who' is described by Bory de St« 
Vincent, to have directed his attention to its phenomena ever 
since the year 1760, we know it to have existed during the 
last 60 years in a continual state of moderate activity, vomit- 
ing lava, at least twice in every year— -eight of its currents 
produced in this space of time have reached the sea, and, with 
the others, cover a wide slope called Le Pays brutiy of a 
horrible aspect, almost entirely destitute of vegetation, unin** 
habited, and, from the peculiar glassy asperity of the scoriform 
surfaces of the currents, nearly impassable* 



Class III. 

Phase of Prolons^ed Iniermittences* 

^. IL This last class of phases, viz. that of prolonged iu« 
termittences, is by far the most usual condition amongst the 

• Sir S. lUffles's Java* 



40 IdiMU^^he'Phehmbia, 

8%tiye'Vi6lt»iB08 bfthe. gflcAie. It lias lieen dfescrib^ abov# 
liB dharaeterised liy tlif^ rliteoccttrreftee of eruptive paroxysme^ 
generally of intensre ener^ and brief duration, separated' by 
very lorig-iiltervalsbf^inplete outfrard'tranquillity. ' 

Tbe epochs of sadden* and yioleiit eruption almost jpetnliaf 
t6 tWs ^faase, as b^ing the most striking and terrific of aR 
the Tokatiie phenbm'^na, are those of which we have th6 most 
frequent and copious relations. 

'Few persons kre indticed to direct any particular attention 
to the appearances exhibited by the generality of Volcaiios 
dilringtheir periods of continual moderate activity, which^^as 
well fr6m their inferior grandeur, as from the consiancy with 
which they take place, pass almost unnoticed. 

But the occurrence of one of the greater paroxysms neces- 
sarily attracts the observatron of the most careless ^ectator. 

' The stupendous and terrific character of these catastrophes, 
the rarity of their display, and the dreadful extent of injury 
often resultinfi; from them to the lives and 'property of the 
in'haUtants of the surroun^Kog country, make th€m a subject 
of general remark and relation, during, and long after the 
period of their development. 

Hence accounts of such volcanic eruptions find a place in 
the earliest annals of history : — ^play their part occasionally in 
the fitbulous mythology of sftili remoter ages: and form a 
not unfrequent source of snblime imagery to the poets of anf- 
tiquity. 

§.12. When we compare together all the accounts of such 
occurrences, observed in every quarter of the globe, and at dis- 
tant periods, we cannot but be struck by the excessive simi- 
larily of the facts and appearances recounted ; nay more, 
when due allowance is made for the effects of terror upon the 
minds of ignorant, and perhaps superstitious, observers, f6r 
the universal proneness to exaggeration of the marvellous, 
the want of scientific language, and the errors necessarily in- 
cidental to the relations of inexperienced persons, it is impos- 
sible not to recognise a complete uniformity, and even identity, 
in the main phenomena ; no further discrepancies existing, 
than what are fairly referable to the modifications produced 
by local accidents, or by differences in the intensity of vol- 
canic force developed, and in the mineral quality of the sub- 
stances elevated.* ' 
■ ' I ■■ . . . ^ , . — . ■ I J ^, 

* For somfe remarks on the only^exccption which I can find to this gene- 
ral assertion, (that of Jortdlo) see Apipendix, No. 2. 
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Sketch 0f a Paroxymaii Ertipiion* W 

Tte Ibllcming'is a brief sketch of tb« eircunBtances, wMcb 
iHiiverBftUy appear to eliaracteiise these grc^at ^eraption^ or 
volcanie paroxysms* 

They are usually pveoeded by earthquakes more or less vio-** 
lent, extensive, frequent, and. prolonged ; which are ob?Kiu8ly> 
caused by the efforts bf the lava, swelling on all sides from' 
the encreasiug elasticity of the aeriform iuids it contains, to> 
force a passage through the superincumbent rocks. Repeated) 
loud subterranean detonations are^ heard, resembKn?, so as* 
frequently to be mistaken for, the firing of heavi^ artillery^ or 
the rolling of musketry ; according to its intensity. 

These sounds are proved, by the immense distance to which 
they are propagated, and with a rapidity whoUjr out of pro* 
portion to their loudness near the spot irom which they pro- 
ceed, to be conveyed not by the air alone, but chiefly by the 
solid strata of the earth. 

Often, it is said, the state of the atmosphere assumes a pecu*^ 
liar character, offering an unusual closeness, stillness, and 
pressure. 

These threatening indications of an approaching' crisis are 
prolonged for a- greater or less time, and are accompanied lyf 
the disappearance of springs, the drying upof wellsL and such 
accidents fts the cracking, splitting, and heaving, of the* sulW 
structure of the mountain, must naturally oceasion^ The 
eruption begins ; generally with one tremendous burst, which 
appears to shake the mountain from its foundations* £xp)o« 
sions of aeriform fluids, each producing a loud detonation, and 
gradually encreasing in violence, succeed one another, with 
great rapidity, from the orifice of eruption, which is in almost 
every instance the central vent, or crater, of the mountain.^ 
This vent has usually been obstructed, during a long precede* 
ing period of repose, by the ruins of its sides, brought down 
by the wasting influence of the weather, and the. shocks of 
earthquakes, or by the ejections of previous minor eruptions. 
The elastic fluids therefore, in their rapfd escape, prefect 
Tertically upwards these loose accumulated matters^ and the 
fragments of the more solid rock^, through which they have 
forced a passage. 

The violence and rapid repetition of these projections, td 
which the same fragments are exposed upon fatluig again 
towards the orifice, reduce theta to such tenuity that they are 
carried upwards by, and remain suspended for a time in^ the 
heated clouds of aqueous vapour which are dichargedy at th0 
same time^ in prodigious volumes^ from the volcanic aperture. 
The rise of these vapours, thus mingled with pulverulent 
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matter, prod aces tbe appearance of a bigli columo or*thiclk 
smoke, based on the edges of the crater, and appearing from 
a distance to consist of amass ofinnumerahle globular clouds, 
pressing* on each other, and incessantly urged upwards by tbe 
continued explosions* At a certain height, aetermined of 
course by its relations of density with the atmosphere, this 
column dilates horizontally, and (unless driven in any parti* 
cular direction by aerial currents) spreads on all sides, into a 
dark and turbid circular cloud. In very favourable atmos* 

Eberic circumstances, the cloud with the supporting column 
as the figure of an immense umbrella, or of the Italian pine, 
to which Pliny the younger compared that of the eruption of 
Vesuvius, in a* d. 79, and which was accurately reproduced 
in October, 1823. Forked and branching lightnings of great 
beauty are continually darted from different parts of the cloudy 
but principally its borders. Its continual encrease soon hides 
the light of da^ from the districts situated below it, and the 
gradual precipitation of the sand and ashes it contains, and. 
which fall as the velocity of its progress is diminished^ contri* 
butes to envelope the atmosphere m gloom, and adds to the' 
consternation or the inhabitants of the vicinity. 

Meantime the lava boils up the chimney of the volcano*. 
The elastic fluids, by which it is traversed, rend and carry 
upward portions of its surface, as they explode from it, and 
Ibrm a continuaL fiery fountain of still liquid and incandescent 
fragments, which from the velocity of their motion, present 
ail appearance at a distance that has frequently been mistaken 
ior name. The internal column of laya continuing to rise, it 
finds an issue, at length, either over the lowest lip of the 
crater, or from some crevice forced through the side, perhaps 
even at the foot of the mountain, from whence it news iq 
torrents. By night, the running lava appears at a white 
heat wherever tbe liquid interior of the current is visible ; 
but as upon contact with the air its surface is instantaneously 
congealed into a thick scoriform crust, the generi^l tint of the 
outside is a glowing red, which gradually darkens as the soli^ 
dified coating encreases in thickness. 

During day the lava is almost concealed from view by the 
torrents of aqueous vapour which rise from its whole surface 
in immense volumes, and unite themselves tp the clouds pf 
similar nature that hang over the mountain* 

In some ease^, no absolute escape of lava, in streams, takea 
place, scoriae alone being projected. 

In all cases where lava is emitted, its protrusion marks the 
crisis of the eruption ^ which usually attains the maximum of 
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its violence a day or tvro after its commenceroent. The stop- 
ping of the lava in the same manner indicates the termination 
of the crisis, but, by no means, of the eruption itself. The 
gaseous explosions continue, with immense and scarcely 
diminished energy. 

At length they cease to throw up liquid or red-hot scoriae ; 
the fragments projected are either blocks of older rocks, or 
consolidated scoriae. By degrees, these fragments, most of 
which fall back into the crater, become more and more com- 
minuted byithe immense trituration they sustain in the process 
of repeated projection and fall; till at length clouds of sand 
alone and ashes, reduced in the end to an extraordinary de- 
gree of fineness, are carried upwards by the eructations of the 
aeriform fluids. 

These explosions gradually decrease in violence, appearing 
to be stifled by the accumulations of finely pulverised frag- 
ments, which occupy the volcanic vent and impede their 
expansion. 

The column of ashes projected becomes gradually shorter^ 
until at length all struggle seems to cease : no further explo- 
sions are heard ; the eruption has terminated ; usually how- 
ever not for many days, or even weeks, after attaining its 
maximum of violence. Soon the crumbling in of the crater's 
sides choaks up still further the volcanic orifice, and conceals 
it from view. An interval of quiet then commences, of a 
protracted duration, forming the other characteristic of the 
phase we are considering. 

These tremendous demonstrations of volcanic energy are 
always accompanied or followed by more or less violent me- 
teoric phenomena ; sometimes equally terrific and destructive 
with the former; the atmosphere appearing to share in the 
convulsion which agitates the earth. The summit of the vol- 
CBtiit mountain necessarily attracts and condenses the volumes 
of aqueous vapours which have risen from the volcanic ori- 
fice, and the lava emitted ; and hence a fall of rain takes 
place iri prodigious quantity on its sides and base, producing 
torrents, which, carrying with them the ashes, sand, scorise, 
and fragments, with which the slopes are strewed, rush, as 
deluges of liquid mud, towards the plains or vallies below, 

and cover them with vast deposits of volcanic alluvium. 
• 

As instances of Volcanic Paroxysms, amongst many oa re« 
cord we may point out tbobO of 

Vesuvius, in the years a. d. 79, 203, 472,512,685, 
993y 1036, 1 139, 1 306, 1 631, 1760, 1794, aad 1832. 
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. JEtna^ in 1 169, 1329, 1535, (this eruption lasted two 
^ years with terrific violence, and occurred after a 

Juiescence of nearly a century,) 1(S69, 1693-^. 
780, and 1800. 
Teieriffe in 1704, and 1797— 8. 
San Georgio, one of the Azores, in 1808. 
Palma, one of the Canary isles, in 1558, 1646, and 

1677. 
Xancerote, belonging to the same group, in 1730, 
Kattlagaia Jokul, in Iceland, a. n. 1755, which lasted 

a year. 
Skaptar Jokul,, in 1783. In fiict, aU the volcanos of 

Iceland appear to exist solely in this phase.* . 

. §. 13. Such are the phenomena which characterise the dis- 
play of the volcanic forces from an habitual vent, at the mo- 
ments of paroxysm. These efforts are generally preceded, 
and more constantly followedj by long periods of complete 
tranquillity ; the energies of the volcano seeming to be ex- 
hausted, for a time, by the violence of their development. 

The duration of this quiesceat interval is of very unequal 
continuance, extending even occasionally to centuries; -and 
thus, it frequently happens, that the superficial scoriae of the: 
cone, and its internal cavity, or crater, become so far decouK 
posed, as to afford a soil in which various vegetables find 
sustenance. All appearances of igneous action are effaced ; 
forests grow up and decay; and cultivation is carried on, 
ypon^ surface, destined perhaps to be blown to atoms, and 
scattered to the winds, when the crisis arrives for the renewal 
of the volcanic phenomena. Thus during the quiescent inter- 
val, between the eruptions of 1139 and 1306, the whole sur- 
face of Vesuvius was in cultivation, and pools of water and 
cbesnut groves occupied the sides and bottom of the crater ; as 
is at present the case with so many of the extinct craters of 
j^tna, Auvergne, the Yivarais, &c. 

. In general, after the cessation of a paroxysm, many fkma* 
f^olcy or emanations of vapour evolve themselves from the lava 
currents which were then produced, as well as from the bottom 
of the crater. These vapours are at first almost wholly aque* 
bus, but at a later period generally contain some mineral acids, 
and deposit various saline incrustations at the mouths of the 
fumarol^. When the acidity of the vapours is in excess, and 

'* In the Appendix will be found some brief descriptions of individual 
occurrences of this character. 
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tbeir produo(t(Hi ^ontiiiufed'for jd lM^.pMibd,>tt6y«iSbct o/very 
ippqsiaiirMble d^gi^ of deoonrpoBitioo c|B.the.expoved .psxAt'of 
tiie,Tack»agaiost wliioh tbey^act^f and.thd crater. oCs'irokfiBd 
ia this couoitioB is said to.pass intorthe stateof a Salfiitara ov 
Souffriere* Such is the sctual cdBditioa of ^thetStdfalavaiMar 
Pozzuoliy the Saoffrieres of Stw Vinceot, GoadakUipaj and St. 
l/iicia> ia the Caribbee Isles; jaf .the great icentralerateroY 
^I^e.P^ak of Teoeriffe ; of the cralrnis of Miio. in tiie Archi** 
pelago; of yolcaao/one<)f.the.Lipari L^lkads-; ofGrabIa in 
(pelfind, aiid of Tanna, one of the New Hebrides^ccordiog 
to Dr. Forster, . - 

. This condition is by do neans a proof of the <romplete.ex« 
tin^tion of the volcano,, as .was proved by> the emptioos frotri 
th^ SouffriereofSt« Vincent in ISiS; which had bQen- com-' 
pletply. tranquil since. 1119; and .by a Bintilar* renewal of ac^ 
tivity from those of Volcano in 1786, and of Ouadaloij^ in 
1778, 1797, and 1812. 

§. 14. AH the voUanOs of the Atlantic, whether in Iceland,' 
Ibe. ABores,<CaBaries, Cape Verd, or Caribbee Isles, appear 
at present to exist in this third phase of prolonged intermit^ 
tences. A great proportion of those which stud the Cordilleras 
of the two American continents, and nearly all which occur 
in Sumatra, Java, the Moluccas, Japan, Kamskatka, and the 
numerous Archipelagos of the Pacific, belong to the same 
class. 

Throughout these two great volcanic trains (which perhaps 
in reality form but one) we hear of terrific eruptions occa- 
sionally breaking out from mountains which were not previ- 
ously suspected to be of volcanic nature, or in which the 
accounts offormer catastrophes of this sort existed but as vague 
traditionary fables. 

§. 15. It has been thought right thus to distinguish these 
three classes of modifications under which the phenomena of 
a volcanic vent habitually show themselves, in order to sim- 
plify the study of their nature and mode of operation. But it 
must be recollected that this distinction is purely artificial ; 
and many volcanos will of course be found to exist in inter- 
mediate conditions, partaking of the characters of more than 
one class. The same volcanic vent also occasionally passes 
from one phase into another. Thus Vesuvius, which appears 



* For the effect of these decomposing Tapours, see a succeeding Chapter. 



16 Transitions from one Phase to another* 

to have generaUy existed in the third phase, as far as can be? 
dedaoed from the imperfect accounts which are preserved of 
its phenomena, and of which, of coarse, from the reasons 
mentioned above, only the most terrible and rarest paroxysms 
will have been noted, seems to have continued during a great 
part of the 17th century, in the second phase, frequent erup* 
lions having been mentioned between the years 1660 and 1694 ; 
while again after a quiescence of ten years, it returned in 
1804 into the scond phase, and was almost constantly active 
until 1822. ^tna in the same manner appears to have 

Sassed into the second phase towards the beginning of the 
7th century ; since which epoch more than 40 eruptions are 
recorded, with but one quiescent interval of any considerable 
duration^ viz. from 1702 to 1755. Some of these eruptions 
however have been decided paroxysms, particularly those of 
1669 and 1787. 

These changes have probably often taken place in other 
instances; many volcanic mountains bearing marks of having 
experienced such varieties of condition. It will be seen here- 
after that they are to be expected from what we know of the 
nature of the volcanic forces. 



CHAP. II. 

Theory of the Volcanic Phemmena. 



^, I. TiiBBE ji^an be little doubt that the main agent in all 
these stupendous phenomena, the power that breaKs through 
the solid strata of the earth's surface, elevates lavas to the 
summits of lofty mountains, and launches still higher into the 
air the sh^tened fragments of the rocks that obstructed its 
efforts, consists in the expansive force of elastic fluids strug- 
gi'in^ to effect their escape from the interior of a subter- 
ranean mass of lavoy or earths in a state of liquefaction at an 
intense heat. 

It is also scarcely to be questioned that these aeriform 
jBuids are generated in the lava by means of its exposure to 
the intense heat, which produces its liquidity* In other words, 
that this substance existsin a sAate of either temporary or con- 
tinual ebullition. 

The observation made by Spallanzani, in 1788, on Strora- 
boji,. first exhibited the nature of volcanic agency in its true 
light* In the spring pflSld, I had an opportunity of verify- 
ing on the spot the accuracy of the circumstances related by 
the Italian professor. 

The phenomena wbich he observed still take place in a pre- 
cisely similar manner. 

The actual aperture of this volcano, at the bottom of its. 
3einicircular crater, is completely commanded by a neighbour^ 
ipg point of rock, of rather perilous access, from whence the 
aurmce . of a body of melted lava, at a brilliant white heat, 
may be seen alternately rising and falling within the chasm 
which forms the vent of the volcano. At its maximum of 
elevation one or more immense bubbles seem to form on the 
surface af the lava, and*rapidly swelling, explode with a loud 
4?tonation. This explosion orives upwards a shower of li- 
quid lava, that^ cooling rapidly in the air, falls in the form of 
Hcarim* The surface of the lava is in turn depressed, and 
fyinks about 20 feet^ but is.propelled again upwards, in a few 

B 
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moments, by the rise of fresh bubbles, or volames of elastic 
fluids, which escape in a similar manner ; and it is evidently 
this incessant evolution of aeriform substances in vast quan- 
tities, which preserves the lava invariablv at so great an ele- 
vation, within the cone of Stromboli, and constitutes the per- 
manent phenomena of its eruptions. 

In this instance there evidently exists within and below the 
cone of Stromboli, a mass of lava, of unknown dimensions, 
permanently liquid, at an intense temperature, and continu- 
ally traversed by successive volumes oi aeriform fluids, which 
escape from its surface— :.th us presenting exactly all the cha- 
racters of a liquid in constant ebullition. 

The phenomena of other volcanos which take place onlj at 
intervals of greater or less duration do not appear to differ 
'flrom those of Stromboli in the nature of their agents. Thus, 
during the eruption of Vesuvius in 1753, those who ventured 
to the summit of the cone observed jets of liquid scorisB 
thrown up successively from the surface of a mass of lava, at 
a brilliant heat, which occupied the bottom of the crater, 
and conducted itself exactly in the manner of a liquid in 
ebullition. 

Spallnnzani remarked a similar appearance within the cra- 
ter of ^tna in 1788. The volcano of the Isle of Bourbon 
presents another parallel fact. Bory de St. Vincent, who 
twice visited the activecrater of this cone, and passed a whole 
night upon its borders, describes it as filled with a body of 
-liquid lava, apparently at an intense heat, but covered by a 
thin aiid cracked pellicle or crust, except in the centre, where 
•it was completely incandescent and continued alternately 
swelling upwards, and falling again, after giving vent to a 
jet of liquid lava ; the oscillatory motion, thus communicated 
to the body of lava, produced a series of concentric waves that 
wrinkled its surface. 

There exists indeed no account of the occurrence of any 
Considerable subaerial eruption, unaccompanied by the vertical 
projection of fragments of liquid and incandescent lava, 
(storia oi* pumice) ; which are sufficient, though no currents 
should be produced, to prove that the elastic fluids explode 
from the interior of a mass of that nature. 

In the case of minor eruptions from volcanic mountains of 
large size having a central crater of great depth, it must of 
course occasionally happen, that the incandesc^it scoriffi 
thrown up from the bottom of this cavity are invisible to any 
spectator placed below the summit of the mountain, (and few 
have the courage or curiosity to seek this situation at such a 
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momeot). In these cases, however, the shock of the detona-* 
tions is felt, and their report heard, by the inhabitants of the 
mountain's flanks ; while the brilliant light of the jets of 
scoriae, reflected in flashes from the clouds of aqueous vapour 
and ashes impending over the cone, produces that appearance 
which is so repeatedly described under the erroneous appel- 
lation oi Jlames^ in the accounts given of volcanic eruptions 
by inexperienced or unscientific witnesses* 

§. S. We must therefore allow the phenomena of volcanos 
during their periods of eruption, to prove the existence at 
such times, below every vent, of a subterranean mass of liqui- 
fied earths (lava), of indeterminate extent, and at an intense 
temperature, traversed, more Oir less freely, by volumes of 
elastic fluids, which burst from its surface, and rise rapidly 
into the upper regions of the atmosphere. Such a mass of 
lava^obviously conducts itself exactly in the manner of a liquid 
ill ebullition. 

*.*.'■ 

§, 3. But the liquidity of lava^ even at the moment of its 
protrusion . from the orifice of a volcano, is extremely imper- 
fect and of a very paculiai: character. There is ho reason for 
supposing it to be a homogeneous liquid like water, or the 
metals and earths in a state of complete fusion. On the con- 
trary, every circumstance in its conduct and composition shows 
its analogy to those compound liquids, such as mud, paste, 
milk, blood, honey, &c., which consist of solid particles de- 
riving a certain freedom of motion amongst one another from 
their, intimate admixture, in greater or less proportion, with 
one or more perfect fluids, which act as their vehicle. 

.The ideascurrentlyentertained of the liquidity, and com- 
plete fusion of lava, are nothing more than vague impressions 
suggested by the appearance^ it presents of a high, tempera- 
ture and considerable mobility of parts. But accurate obser- 
vations by no means bear out this conclusion as to its real 
nature* 

i During some of the tranquil and continuous eruptions, 
which have been already described as constituting one of the 
habitual phases of the volcanic phenomena, opportunities 
have frequently been afibrded of approaching and examining 
a stream of lava at its very source in some crevice of a vol-: 
canic mountain. At the moment of. emission, it appears a 
substance at a brilliant white beat, radiating very little caloricy 
compared with, th^t which proceeds from any metal whei^ 
glowing with similar intensity. Its liquidity, when greatest^ 

%2 
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does not appear to exceed that of boney; but is generally 90 
imperfect, that considerable pressure is required to cause m 
pointed stick, or blunt rod, to penetrate its surface. This 
surface is observed to consolidate, almost instantaneouslYy 
upon exposure, tit the saibe tim^ emitting a constderabl« 
quanity of vapour. The superficial crust thus formed cracks 
and splits tumultuously in all directions, and fresh vapoum 
escape from the crevices. Its brilliancy of glovr is at the 
same time rapidly dimmed, and its colour passes throuo^h red 
to black. The cfnst suddenly hardened in this manner, has 
the same aspect and character ai the s<iOrie which are thrown 
up iilto the air by the gaseoiisr explosions iirooi the owin vent 
of the volcano. 

The very 'small quantity of hettt radiated fov the incandes^ 
cent lava, is attested by the little efibct it prodnces on a ther* 
moineter, held at the distlince'of a few feet from its source^ 
and by the slowness and difficulty with which glass melUt 
or iron is heated to redness, even by contact with it. The 
observation has been continually made by all who have ob- 
servefd the production of lava, and impre^ed Dolomieu in 
particular with the idea that its temperature is much lower 
than is supposed, and that it oW^d ltd liquidity to some other 
principle than caloric. The low radiating powers of the 
incanaescent lata may be in part perhaps attributed to the 
rapid congelation of its silrfac^e i the ernst thus formed bein^ 
known to cbnduct caloi'ic with'dubh extremte difficulty ana 
slowness, that a stream of laVa still fIowingt>n in.tbe ihteirior 
may be approached withili the cKdtatice of a few feet, vnthout 
injury to the exposied p'a'rts of th^ periston^ and is often tra«> 
versed on foot.- 

But the thickne^8 of ihik c^rnst, and the distance to which 
the process of congel^trdn ^bidly progresses inwardly, must 
prevent our contentrn|o: ourselves With this explanation. We 
are therefore reduced" to 8^p6s^ with Dolomieu^ that th^ 
lava is not in a state of complete fusion, but owes the mobility 
of its particles to some other circumstance than their com* 
plete combination with caloric, and can * part wiith this 
quality without any intense manifestation of heat. 

§. 4. This idea as'to th^ nature of the liquidity of lava is 
strongly confirmed, by refetenc^>'tb its composition and 
characters onxohsolidation. 

In fact if a portion of lava rock of any qoalitybe rednced 
to complete fusion by artificial heat, and AeA exposed to tmi* 
tact With the air, it hardens into a glass without any tnces of 
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litho^al or crystalline texture ; whereas the same substance^ 
when naturally propelled from the earth in a liquid. state, 
and consolidated under precisely the same circumstances, al- 
luost iqvariably presents a lithoidal or crystalline structure. 
With the ^^cep^ion indeed of a few comparatively rare masses 
which„p.o^3ess a vitreous or resinous' texture^ and in which 
alone any approach to perfect fusion can be conceded, all the 
rocks produced i|i this manner appear to consist of ah intimate 
aggregation of crystals, varying in size, and frequently so 
minute that their facets are not distinguishable with the 
paked eye ; by which the rock acquires an aspect of perfect 
(bompaQtness« Even their fine grained parts are, however, 
found by the lens, and by the aid of mechanical analysis, to 
consist eaually of a crystalline aggregation of the same 
minerals tnat compose the coarser parts, or that are dissemi- 
nated \n large and visible crystals through the apparently 
liomogeneous base. It has been supposed that this peculiarity 
of texture may be owing to various circumstances of pressure 
or slowness of refrigeration, accompanying the consolidation 
of the roo^ in natural lavas ; but so far from this being the 
l^ase, U is a remarkable fact that the scoriform crust which 
rapidly congeals on the surface of a current by exposure to 
the open air, is found to possess the same crystalline tex- 
ture, ^nd'to contain the same proportion of larger or minute 
.^prystals, as the innermost parts of the current produced en 
tnassti hy the. same eruption, and consolidated in the slowest 
and most, tranquil manner^ The same thing exactly is ob- 
servable of the scoricp which congeal even still more rapidly 
by sudden projection into the air from the liquid mass of 
lava within the vent; and even a fragment withdrawn with 
1^ hooked stick from the incandescent margin of a current; 
and which is consolidated instant^neou.^|iy before the eyes of 
9in observer, offers precisely the same characters of texture 
and composition. It is impossible to conceive that the pro- 
cess of crystallization can take place during this instantane*- 
pus and tumidtuous refrigeration, particularly with respect 
to, the. large and regular crystals. 

We are driven therefore to conclude that the crystalline 
texture of most lavas is not owing to any circumstance ac« 
companying their consolidation^ but that the greater number, 
if not all, of its component and imbedded cystals existed 
ready formed antecedently to its emission from the volcanic 
orifice ; and, also, which is a necessary consequence of this 
observation, that this substance is seldom in a state of igneous 
Jfusion^ but owes its partial and imperfect liquidity to some 
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other cause^ bv which a certain mobility is communicated to 
the solid crystalline particles of which it consists. 

§. 5. No species of liquidity can exist independent of calo- 
ric. But the quantity of caloric that produces the liquidity 
of any substance, may be either combined in a uniform man- 
ner and in equal proportions with all its molecules ; which 
is the case when a body is in complete ^ston / or it may 
be merely combined with one ingriedient of the mass ; or 
with a certain portion of the constituent particles^ the re- 
mainder existing* in a solid state, but acquiring a freedom 
of motion from being suspended in the surrounding fluid. 
. Thus watef is an example of complete fluidity (or fusion), 
all its particles being combined with an equal dose of caloricl 
But if a quantity of clay be diluted in water, the mass wrll 
still retain a more or less imperfect liquidity, the particles of 
clay remaining solid, but acquiring mobility from their sus- 
pension in the fluid. 

In the same manner the liquidity of lava, when it issues 
from the earth, is by no means any proof of its fusioii, but 
may be caused by the suspension of its crystalline particles iii 
any accompanying fluid, aeriform or liquid. The considera- 
tions specified above have already led to the conclusion that 
its liquidity is really of this latter kind. The degree of iti 
liquidity will then depend, not upon the quantity of caloric 
with which it is combined, but on the quantity of fluid which 
it contains in proportion to the siize anci form of the solid par- 
ticles ; and its consolidation will be effected, not by parting 
with its caloric, but by the escape or condensation of the fluid 
that occasioned the mobility of these solid particles. This is 
11) exact conformity with the conduct of lava on exposure to 
the air. It radiates very little caloric, but discharges a great 
quantity of elastic vapour from its surface, which is instantly 
hardened. This elastic vapour, then, is, ih all probability; 
the fluid to which it owed its previous liquidity ; the vehicle 
in which its crystalline particles were suspended, and the 
escape of which, from the exposed surface of the lava, allows 
of the aggregation of its particles, and the induration of the 
mass they make up. But this induration must be accompa- 
nied by a diminution in bulk,^ or contraction, which will split 
the superficial crust, and produce in it a number of fissures 
perpendicular to the surface. These, again, by allowing the 
escape of more elastic vapour from the inner parts of the 
lava to which they penetrate, propagate the consolidation 
inwardly, and give rise in turn to otner fissures, by whi^h the 
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processes still farther advanced. In this manner (in reality) 
the superficial coating of a mass of lava, almost immediately 
after it issues into open air, is split and cracked in all direc- 
tions, and the violence with which the torrents of vapour 
escape from these fissures, elevates into every variety ot po- 
sition, the ragged and scoriform fragments of the crust; 
which is still further broken up by the swelling or sinking of 
the stream of still liquid lava, that flows on beneath it, as 
under an arched tunnel or gutter, in obedience to the incli- 
nation of the ground ; and acquires a similar scoriform, coat-* 
ing upon every fresh point ot surface which it successively 
exposes. 

§. 6. Bui of what nature is the aeriform fluid which escapes 
fio rapidly from the exposed surfaces of lava; and the loss of 
which causes its sudden consolidation ? There need be no 
doubt, at all events, that it is the same fluid which causes the 
expansion, intumescence, and rise of this substance through 
the volcanic aperture, until, in roost cases, it overflows the 
lip of this orifice ; and of which large volumes struggling 
rapidly upwards through the column of liquefied earths, that 
fills this vent, escape with violent bursts from its surface, 
producing jets of liquid lava and red hot scoriee. 
' The results of all the experiments and observations that 
have been made during volcanic eruptions, lead to the conclu- 
sion that the elastic fluid which plays so important a part in 
the phenomena of volcanos is no other than aqueous vapour, 
or steam. 

The fluids that are disengageii in the greatest abundance 
from the superficial crevices of a current of lava,^ while 
still visibly incandescent in its interior, have been often made 
the subject of direct experiment, and they appear to be purely 
aqueous vapour; or if any other principle is present, it is ge- 
nerally in too minute a proportion to be discovered by out 
means of analysis. As the lava cools further, the admixture 
of other elements with the steam is perceptible, though in 
very small proportion. These are principally the sulphuric 
or muriatic acids, or naphtha; and at the same time sulphur^ 
muriate of soda, muriate of ammonia, and other salts, are de- 
posited, as sublimations^ round the mouth of the fissure.t It 



* See Brieslak, Daubuisson, Humboldt, Menard de la Groye, 
Montioelli, &c. 

t May not these acids, &c. be generated by the slow filtering^ of steam 
through narrow crevices of the lava at an intense temperature, just as st^ni 
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k possible that BO(me permanent gasses afe o^casioniUy dis* 
charged in conipany with the steam, but soch have been 
rarely, if ever, detected. The emanations, of carbonic acid 
gas and sulphuretted hydrogen, frequent in volcanic districts^ 
have rarely been observed to proceed from the heated lava. 

This fact, that the great mass of elastic fluid discharged 
jTrom a volcanic vent in eruption, consists of aqueous vapour^ 
is with equal evidence attested by its uniformly, collecting 
into thick and heavy clouds above the mountain; whicby 
unless dispersed by violent winds, soon &11 by further con- 
densation in violent and destructive torrents of rain, upon 
the sides of the volcanic hill, and the surrounding country. 

The vapours continually evolved by Stromboli, form a per- 
manent cloud, of a white or greyish colour ; which, when the 
air is calm, remains stationary above the peak, or encircles it 
with a wreath of mist, or falls in light showers, according to 
the density and temperature of the atmosphere : when the air 
is in motion/ft streams down the direction of the wind, like an 
endless ribbon, or, more exactly like the track of mingled 
smoke and vapour left by a steam*vessel moving acainst the 
wind. This cloud does not consist of ashes, or fine^ commi- 
nuted sand (for the fragmentary ejection of this volcano are 
heavy and coarse, and fall immediately on their projection)^ 
but, as far as can be perceived, purely of aqueous vapour^ pre- 
senting the same conduct and character as those producea by 
evaporation from the surrounding sea. 

The existence of water in lava may seem, at firsts a strange 
and almost incredible notion; but the late experiments of 
the Honourable Mr. Knox,f as well as those performed by 
Spallanzani, have proved that all the rocks of volcanic origin 
contain a certain proportion of water in intimate, though ap- 
parently mechanical, union with their constituent minerals ; 
and the water, which so frequently occurs in the cellular cavi-t 
ties of these rocks, might have prepared us to expect the fact. 
Mr. Knox, it appears, found likewise more or less of naphtha 
or bituminous matter, in almost all the rocks which he ana- 
lyzed. This volatile ingredient escaped Spallaozanij who, 
however, detected muriatic acid in some of the lavas, obsi* 



passed through a heated gun-barrel is decomposed ? The oxygen may 
unite with the sulphur of the lava to form sulphuric acid ; the hydrogen 
with the chlorine, or carbon, to form muriatic iacid, and naphtha. These 
will be volatilized as fast as formed, and will rise with the remaining steam, 
and be condensed at the month of the fissure. 
+ Transactions of Royal Society, 1824, 
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ly nnA p«i«iide of Lipwri. These results accord ^entirely 
With numerous observations made ^uriof the production of 
lara from a volcano, when the smell both ^ of bitumen and 
Biurtatic aoid is often strongly sensible.* 
»Ii is sufficient for our present purpose to have fully reco^ 
ntied the: exigence of watier in lavas; nor is it by any means 
nedessary'to accMntfor its occurrence, there. Indeed this 
MsBtge of our- inquiries is top early for the examination of this 
question^ irhieh must be deferrea to a later occasion. 

^•7. It appears then, from what has been stated above, 

1. That the intumescence and rise of lava, within the vent 
of a volcano, is owing to the expansive force of an 
elastic fluid generated in its interior. 

' % That the violent rise and escape of volumes of this fluid 
through the columns. of lava elevated within the vent^ 
produce the jets of lava drops and scoriae, which con- 
stitute the principal fragmentary ejections of a vol- 
cano. 

3. That the further rapid escape of this same fluid from the 
surface of lava, when exposed to the open air, effects 
its instant consolidation. 

4* From these and other considerations, it appears highly 

. probable, that it is the intimate combination of this 

fluid witn the solid crystalline particles of the lava, 

which occasions their mobility, and the consequent 

liquidity of the mass. 

5. That there is every reason to believe- this fluid to be no 
' other than the vapour of water intimately combined 
with the mineral constituents of the lava, and vola« 
tilized by the intense temperature to which it is ex- 
posed when circumstances occur which permit its 
expansion. 

When therefore I speak of the ebullition of lava, I must be 
understood to mean the vaporization of the water, or part of 
the water, contained in close union with its solid crystalline 
particles. In the same manner as wet sand, paste, milk, 
soup, &c. may be made to boil, though it is only the water 
they contain which is really vaporized. 
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§. 8. Let us'exaniiae the effect of any variations In the cir- 
cumstances of temperature and pressure on a substance of 
this nature, viz. a solid crystalline rock containing: a certain 

{proportion of water intimately combined between the-crystat- 
ine molecules, and already possessing a high temperature, 
more than equal to the vaponzation of the water 'under Ae 
pressure of the atmosphere alone« It is obvious that either 
the augmentation of temperature, the pressure remaining 
fixed, or the diminution of the pressure, the temperature 
being constant, must alike have the efiect, sooner or later, of 
producing the commencement of ebuHition in the confined 
water* But the vaporization of the smallest part of this fluid 
has the immediate effect of proportionately diminishing the 
temperature of the surrounding mass, by the quantity of 
caloric absorbed by it, (become latent,) while at the same 
time the immense expansive force of the vapour thuil geiito'' 
rated, reacting from the surfaces which confine the mass of 
lava, must produce a great augmentation of the pressure it 
sustains. Hence, unless a still further reduction of pressure, 
or increase of temperature, takes place, a very small quantity 
of the water can be vaporized ; and, on the whole, tne con- 
version of water into steam in any part of the lava, will be 
proportionate to the reduction of the pressure sustained by 
this part, below the degree which prevents ebullition at the 
existing temperature ; or, to the increase uf the temperature 
above what is the boiling point at the existing pressure. 

But since the water is merely mechanically combined with 
the constituents of the lava ; that is, interposed between the 
laminae of its component crystals, the vaporization of any 
part of this water must affect a proportionate separation 
of the crystalline laminss between which the moisture was 
lodged. 

The effect of this separation is, 1. The more or less com- 
plete disaggregation of the component crystals. 2. The 
intumescence of the lava, by the bulk of the vapour generated; 
and its acquisition of an .expansive force equal to the sum. of 
the elasticities of all the portions of vapours generated ; by 
whiph it presses against the surfaces that resist its dilatation ; 
and,. 3. The communication of a more or less imperfect 
liquidity/ iq the mass, resulting from the mobility and elasti- 
city of the vapour generated between the neighbouring crys- 
talline particles. The degree of liquidity thus communicated 
to the lava, must be determined by the average size and form 
of the component crystals or solid particles, and the quantity 
or volume of the vapour which acts as their vehicle. 
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But the volume of tbevapoar generated on any point will^ 
ve have seen above, depend on the ratio of the temperature 
and pressure. Therefore, under the same circumstances of 

Sressure and temperature, the liquidity of the lava will vary 
ireclly with the degree of comminution of the component 
crystalline particles, (their form being supposed the same, or 
nearly so). 

• Jt IS obvious that, at a certain ratio between the volume of 
vaponr generated between the interstices of the solid par- 
ticles, and their size, the mobility they acquire will be suffir 
cient to allow of the escape of the surplus of vapour fropd 
these interstices, and its agglomeration into distinct parcels 
by the force of its mutual Minity. The proportion of vapour 
thus liberated^ or set free, to that which remains Jixed^ on the 
point where it was generated between the neighbouring 
crystals, must vary directly with the comminution of the solid 
particles, or fineness of grain in the lava. But here another 
force acts upon these jparcels of liberated vapour ; viz. the 
difference between their specific groDittf and that of the liquid 
by which they are enveloped: by this difference they are 
ur^ed to rise to the upper part of the liquid mass. 

This force must in every situation vary in intensity exactly 
with the specific gravity of the solid particles of the lava 
^lone, since the density of any parcel o( free elastic vapour 
must be equal to that of the fij:ed vapour which occasions the 
mobility of the surrounding liquid. 

§. 9. From these considerations, therefore, we derive the 
following conclusions : . 

1. The volume of vapour generated by any change in the 

circumstances of a lava, depends on the ratio of the 
temperature to the force of compression. 

2. The intumescence or dilatation of the lava, varying. 

with the volume of vapour produced, must follow the 
same law. 

3. The proportion of the vapour generated, which is 

liberated and unites into parcels, to that which rer 
mains fixed, will vary with the comminution of grain, 

4. The force with which these parcels, or bubbles, tend to. 

traverse the liquid lava and rise to its surface, varies 
directly with the specific gravity of the solid lava 
rock, and the degree to which they are enabled to obey 
this impulse must depend pn the liquidity of the mass 
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immediately above them. But .the liquidUy^pd spe- 
cific gravity of a fluid determines its degree otjluidity 
Cu e. the facility mth which it yields io the impubei of 
gravity )y and hence the force with which tha bubhles 
of vapour rise and escape from a lava^ varie$( directly 
with its fluidity. 

It is evident that the crystals of which any solid mass of 
lava i^composed, are more or less comminuted, or reduced in 
size, hy the process of ebullition. In the first place, the ge- 
neration 'of an elastic ilttid between their plates or particfes, 
disaggregates iheva more or less. When this disaggregation 
has proceeded to a certain extent, that is, when the volume 
of vapour generated has reached a certain relation to the size 
of the crystal, it escapes from the interstices of the contigu- 
ous crystalline particles where it was generated, propor- 
tionally disturbing their arrangement, and the relative posi- 
tion of their poles, and consequently disintegrating the crystaL 
Secondly, this disintegration is carried still further by the 
friction of the crystals against each other, produced by the 
intumescence of the lava, and still more so by the mechanical 
disturbance and trituration, as it were, caused by the rapid 
and violent rise of the parcels of elastic fluid through the 
upper mass of lava, when the circumstances of liquidity and 
specific gravity permit their escape upwards. But the volume 
of vapour, and the consequent intumescence of the lava, 
depends on the ratio of the pressure and temperature ; con- 
sequently, under similar circumstances of temperature and 
Svessure, the disintegration of the crystalsof lava will vary 
irectly with its specific gravity, by which .the latter tritura- 
ting force is determined. 

§• 10. Having thus far considered the efiect of an increase 
of temperature, or a diminution of pressure, on a mass of lava 
under such circumstances, let us «;s:aniijie what will follow 
from the reverse; namely, an increase of pressure, or a dimi- 
nution of temperature. Upon the solid lava, it is clear, no 
corresponding change will be produced ; but every diminution 
of temperature, or increase of pressure, on a mass, or a part 
of the mass, liquified in the manner stated above, must occa- 
sion the condensation of a part of ^fae vapour which prpduces 
its liquidity, and so far tend to effisct its reconsolidation. 

The vapour that remains &re{2, is, by ^either of these circum- 
stances, when in sufiicient Jorce, recondensed into water, and 
the enclosing crystal reaggrfsgaledy resuming it£i former in- 



tegT%r and' sblidctjr. The vrnponr ' that hv» becomay^e^ , and 
occupies separate parcels dissefninatidd through- the mass, is 
also proportionately condensed, and the cKsintegrated crystals 
are aggregated together in a confused and irregular manner 
(the relative position of their poles having been disturbed) 
into a soHd rocky which will be more or less porouc^ in propor- 
tion to the space occupied by the parcels of liberated fluid. 
The absolute escape of the vapour, b^ the exposure of any 
part of the lava to a rarer medium, will produ^ce exactly the 
same effect in the reaggvegation of the crystals, and the conso- 
qoent consolidation of the rock, by removing all impeditilMt 
to the action of the attractive force of the solid particles; 

§• 11. It hasten seen, that the vaporization of the wal^ 
contained in a lava, which constitutes that process of ebulli- 
tion, to which are attributed the phenomena of volcanic erup- 
tions, may be equally produced either, first, by the reduction 
of the pressure upon it without any accession of caloric, or, 
secondly, by the accession of caloric, and consequent inoreasb 
of its temperature, the pressure remaining fixed* 

§. IS. Now* let lis imagine the existence on any poinit near 
the surface of the globe, of a solid body of lava^ of indefinite 
horizontal and vertical dimensions, at an elevated teoipera^* 
ture, and cut off from all communication with the external 
atmosphere, or ocean, by overlying strata of solid rock. 
' The pressure sustained by Uiis mass is either wholly null, 
or consists of the reaction of the expansive force of the elas- 
tic vapours it contains, against the surfaces by which it is 
cvKiosed* ' 

It is obvious that no change can take place in this pressure 
so long as the temperature remains fixed, and the confining 
surfaces equally stable { nor can we conceive how any varia- 
tion can be produced in the stability of those boilndaries, 
while the temperature, and conseqaently the expansive force 
of the confined mass, remains fixed. To effect any change in 
thh state of things, we must therefore have recourse to the 
supposition of an accession of caloric to the lava. This sup^ 
position, so far from bring gratuitous or unwarranted, is sup- 
ported and confirmed with the strongest evidence by other 
considerations.* Thus we know that a great quantity of caloric 
is con^tinually passing off from every active volcanic vent in 
con^ination with the immense volumes of heated vapour and 
incandescent lavas, emitted from it. Unless the loss of caloric 
thna sustained, were made up by the accession of an equal, or 
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Iiearly equal, qftantity frdm below, it would be impossible for . 

:the mass of lavabeiieath a Volcanic vent to continue in erup- 
tion, as it is frequently known to do, for centuries; or to 
renew its eruptions, when they had ceased. The phenomena 
of thermal spring sug^gests the same remark. 
The observations lately made as to the tempierature of 

.mines, which encreases with their depths lead to the conclusion 
that the interior of the globe, at no great verttcal distance, is 
at an intense temperature. This internal accumulatipn of 
caloric must be continually endeavouring to put itself in 

.equilibrio, by passing from the centre towards the circumfer- 
ence, wherever the conducting powers of the substances enve- 
loping the globe, permit the transmission most readily into 

•external: ^pace. But the conducting powers of the s6lid 
.rocks which compose the outer crust of the earth, are neces- 
sarily imperfect in the highest degree, from their want of 
density and frequently porous structure. 

What transmission of caloric can take place through the 
thick formations of secondary limestones, clays, shales, and 
sandstones ? . 

The crystalline, and particularly the compact granitoidal 
rodcs, seem, however, far better adapted for this purpose ; 
and caloric would no doubt be propagated through them more 
readily thftn the former class, or through the schists, and la- 
minar rocks. 

§. 13: From these considerations it is rendered probable 
that a continual supply of caloric passes off from the interior 
of the globe towards its circumference, wherever its trans- 
mission is facilitated or permitted by the conducting powers of 
the intervening substances^ or by the tetnpiorary' opening of 
vents for its more free escape. 

. If, as I think it will appear, the phenomena of volcanos, 
under all their various phases of action and quiescence, tog€S> 
ther with their accompaniments of earthquakes, &c. &c. and 
perhaps many of the more ambiguous and obscure indications 
of congenerous causes visible in the constitution of the globe's 
surface, can be accounted for in the simplest and most satis- 
Jactor^ manner, according to well-known principles of .physics, 
•by this single assumption of the exposure of. subterranean 
masses of crystalline rocks, which we know to exist, to a con- 
tinual acicession of caloric from below, which we have the 
strongest reasons for presuming a priori— in this event we 
shall be bound by common sense and the simplest rules of in- 
duction to accept this hypothesis with the utmost confidence, 
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updit weald b# tlie hei^lit of irrationality and scepticism t^ 
refuse our acquiescence m it. 

§• 14. Allowing therefore this inferior source of caloric, and 
suppoRinff it to be transmitted to a subterranean mass of lava, 
more rapidly than it can pass off to the outside of the globe, 
through the solid crust of overlying rocks, in consequence of 
their inferior density and conducting powers, it is obvious that 
the caloric will be concentrated in ttie lava, and continually 
auffment its temperature, particularly that of the lower strata 
which are the nearest to the source of caloric. This increase 
of temperature generates an increase in the expansive force of 
the contained vapour, the reaction of which from the confining 
surfaces, so long as they are absolutely resistant, occasions a 
corresponding increase of pressure, and this equal augmenta- 
tion of the opposite forces of expansion and repression will 
proceed even in a more rapid ratio than the increase of tem- 
perature ; since it appears from all the experiments hitherto 
made on substances of every kind, both solid and liquid, that 
the dilatation positively produced in them, by equal incre-i 
roents of temperature, or sensible heat, progres^vely increases 
as the temperature itself rises. It is clear that under these 
circumstances, the general expansive force of the confined 
i^ass of lava increases in an accelerated ratio, with no other 
conceivable limit than the yielding of the surfaces which im- 
pede its dilatation. But since the powers of resistance of the 
solid overlying rocks, occupying the surface of the earth, are 
necessarily limited, the moment will arrive when they are 
forced to give way more or less, and the first effectt)f the sud- 
den expansion thus afforded to the highly compressed elastid 
fluids contained in the lava, is the immediate diminution of 
the pressure which consisted in the reaction of their elastic 
force* The consequence must be the generation of fresh va- 
pour by a rapid, violent, and transient ebullition,* which 
leases entirely as soon as the absorption of caloric by the 
vapour newly generated, and by the expansion of the pre- 
existing vapour, has lowered the temperature of the li- 
quid to the boiling point corresponding to the remaining 
pressure. 

- Since the accession of caloric takes place by ourassumption 
from below^ the temperature of the mass will' be unequal 

* Exactly similar 16 what takes place in the Papia^s digester ; or ta 
the apparatus for heating water red*Dot, When the valve or stop-cock is 
opened. '. . : 
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throQghoat, diuunislung more or \^9 gradiifUly fr^w bcsloir 
upwards. But the temperature and consequently the esppanr 
^ive force being greatest in the lowest strata into which we 
may 9uppo8e the body of lava divided, the superior str^t^ will, 
as long as the^ retain any degrep of liquidity or niobilitjf pf 
parts, be subjected to a pressure out of proportion to their 
expansive force, ^rom th^ir position betwjsen the infeiriar 
strata, in which this force is in excess, and the overlying rcickfl ; 
consequently the vapours contained in these iip|K^r strntn 
must be graduallv condensed, and, their liqnidity.at leng^ 
entirely aestroyed^ the process of conuptete eonsroltdatioii' f)ro- 
^[ressing from above downwards^ as tne excess of expansion 
m the fower strata is augmented* 

§• 15* Wb<in^ver the overlying.rocks yield in any degrea to 
the general expan^iv^ force of the mass, the consequeilt jebml- 
lition will take ulsice jfirst^ and with the greiiiest violence where 
the expansive lorce is highest, that is, in the lot^er strata. 
The sudden dilatation of these inferior strata muat forcibly 
elevate the upper solidified ip^Lti^^ as it were, enmas^ei the 
pressure they sustain between the expansion of the lower part^ 
and the weight and cohesion of the solid rocks above them^ 
suffering them to preserve the water they enclose unvaporized^ 
notwithstanding their intense heat. 

This forciUe. elevation of solid rocks by a violent expan-^ 
sion, taking effect at a considerable depth, cannot occur with* 
out considerable rupture and dislocation. 

Every such solutionof continuity, suddenly produced in the 
rocks composing the earth's crust, must create a jarring^ 
shock, or momentarv vibration, in them, which will be propa* 

Eted along the prolongation of each rocky bed, with more or 
is violence in proportion to its solidity. The strata which 
are merely in contact with those that are thus affected, will 
share in the vibration, only in an inferior decree. 

These shocks, felt with more or less intensity on the surface 
of the globe, according to the above conditions, and accomr 
panied generally by a sensation of heaving, or elevation of 
the ground under our feet, are the phenomena to which we 
give the name of earthquakes ; none of which take place with- 
out being accompanied by a certain, though often unapprecia* 
ble elevation of the surface of the globe. 

§ . 16. Fissures must be created by these disruptions, both 
in the superficial rocks of low temperature which overlie, the 
mass of lava, and in the upper parts of this crystalline mass 
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itaeir, solidified, as we hfiVe seen above^ by the aaperior «x- 
paDBiteforce of the loirerparte. Ofthesecreviceasomeraust 
be supposed to open domnmarda, towfirds the confined maes of 
lava, and others outwardly ; the accompanying figure wiU 
|>e8t iUuBtrate thia position.. 

Fig.l. 

If A B C D represent the . , . 

subterranean masB of lava, con- 
fined by the overlying strata E 
F, the accession of caloric to 
the lower part of the mass, viz. 
AB, aofarincr 
eive force as to 

upper mass C D (by condens- 
ing its enclosed Tapour;) and 
by the continuation of this pro- 
cess, the general expansive 
force, acting from below upon 

the overlying rocks E F, at last becomes superior to their 
powers of resistance, and they yield more or less to the dila- 
tation of the lofter strata of lava a b {as in fig. 2) ; the fissures 



ir part of the mass, VIZ. r^'i'r' ) A/ ^ ^ ^ 
far increases its expan- *^ A v-*^ m) rC -^^ 
le as to consolidate the ' ^^ >- -^ ^ ' L^3 
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Fig. 2. 



Iirolen towards the centre or convex part of the space ele, 

vated will open outwardly, those towards the limits of thi? 

space will open downwards- 
Such in fact is the natural and constant effect of any forcible 

«levation of a solid crust by an impulse from below. 

The distinction between these two species of fissures is 



-kttpmlaiit, and will be fbitn^ pei4iap6 tb lead 4o iDteresttng 
Vesalts. The lava of the upper ^rata c d, tho«|^ toUd, is at 
^an intense teniperatore ; tberefere the p^ductioo of aoy fis* 
4iti«e io itaiitit permit and produce the instantaneous expaa« 
sion of the lava forming its sides, -by the .vaporieation of ili 
contained winter* A rapid ebullition and intumescence, oc- 
curring in the substance of the^ sides, must immediately fill 
the fissure with liquid lava. 

But the direction of these fissures will be in general more 
or less vertical^ coincident with tbat of the expansive force by 
which they were occasioned ; and^ since the temperature of the 
lava increases from above downwards, the intumescence will be 
most violent and rapid in the lower part of the fissure^ fin4 
thus a rapid movement of the liquefied lava will take place 
i^m below upwards. The firictiou which accomnanies tbisi 
violent rise, as well as the disaggreffative force or the steam 
generated between the laminae of toe crystals^ must disinte* 
grate to a considerable degree the crystals of the ebullient lava; 
and hence we should expect that these vcins^ if no further 
change takes place iu their nature, and they become displaced 
by subsequent circumstances to view^ will appear of a faer 
grain than the rock which they traverse. A less strongly 
marked difference is to be expected also in the texture of the 
vein itself, of which the central part, having sufiered less of 
friction than the sides durine its intrusion, ought to present a 
somewhat coarser grainy and larger crystaUy than the lateral 
portions. 

JBut in the same manner each of the fissures in the cooler 
superficial crust of solid rocks which opens downwards 
towards the heated lava, by allowing the expansion of the 
part of this mass to which it communicates, must occa- 
sion a similar effect. Ebullition will take place instantane- 
ously with equal violence, and the intumescent lava suddenly 
liquefied by the generation of steam throughout its tissue, 
must rapidly enter and fill up the fissure in the neighbouring 
rock, giving rise to what are usually called injected veinsj or 
dykes* The analogy of these to the contemporaneous veins 
must be so great, that it will be difficult to distinguish them, 
except in the case where the rock which, they traverse is 
wboUy of a different mineral composition from the veins,, as 
when trap dykes traverse limestone, &c. Where the differ* 
ence consists merely in the size of the grain, no positive 
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<5oticlosion can be drawn ns lo ibe v^in betn^; df the first' or 
fbe second clasi. 

But tbe lara whicb filb tbeie fissuras of either kind, will 
speedily be teeonsolidated ; the injected Teins with that greatest 
rapidity, from their contact with the cooler sides of ibe fissurt^ 
they fill ;; and both by their exposure at a diminMed tempera* 
lure to the expansive foree of the lara with which they com* 
■tunicate, and which immediately puts iteelf in. ekluilitwio 
with the force of pressure on every point. 

In this manner the overlying crust of rochs, which waacon^ 
sideraMy weakened, perhaps by the rapture and displac^nseBt 
of its parts, is again repaired ; the fractiires being cemented 
by tbe solidification of the lava injected into them. 

^. 17. The expansive force of the heated lava bavin|p thvA 
partially satisfied itself, an interval c^ tranquillity succeeds} 
tantil the continued accession of caloric from below again 
raises its teinperatnre, which had fallen in con»quenoe of it^ 
ebullition ; and the same process recommences, the expaiistve 
force and the pressure again increasing together^ until the 
cohesion and weight of the overlying rocfas are once more 
overcome, and another successful effort takes place, aocompiEl* 
nied by the circumstances, of earthquakes, and tbe formaUon 
of veins, already described. 

It is thus that the overlying rocks which form the superfii^ 
cial crust of the globe must be progressively elevated more 
and more, by the successive dilatations of the inferior Java, 
wherever a subterranean body of this substance exists. 

The extent of surface thus affected will depend tipon. this 
dimensions of the confined mass of lava, upon the vertical 
depth at which the expansion takes place, and upon the nature 
and disposition of the rocks composing the surface. 

§. 18. At every crisis of this character, the crust is morfe or 
less fractured, and partly repaired by the injection of lava hilo 
those cracks which op^n d&wntvardi. But the fissures broken 
through towards the centre of tbe space thus elevated, open 
<m/a>are/(y, towards the atmosphere ; and diminish in width to- 
wards their lower extremity — these therefore will remain 
more or le^s open, and effectually weaken that part of the 
crust of rocks across which they are broken. The subsequent 
expansive efforts will therefore take effect most p(»werfailj 
upon these points, widening and extending tbese fissures, some 
or which will probably at length be prolonged across the 
whole external crus^ into the intensely heated crystalline 

c2 
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toths (or lava) below; by wkioh tlm predsuite upon tt at tha 
lower extremity of the fissure is siiodenly reduced to the 
weight of the atmosphere alone, (supposing as we do for the 
present that the fissure thus formed opens above the level oC 
the sea, or of any stationary mass of water.) 
' In this, as in the former case, ebullition must instantly com** 
ntence* The lava at the lower extremity of the fi^^ure i^ 
rapidly liquefied by the vaporization of its contained wat^r^ 
and this liquefaction la speedily propagated, both downward^ 
and lateraUy, within the mass of heated rock ; the intumes- 
^nt lava, as it liquefies, rising rapidly up the fissure, and 
p^tt of the elastic fluids generated within it. escaping with 
still greater rapidity, and driving upwards the fragments torq 
from its sides. The violence and duration of the ebullition, 
it is obvious, roust Wholly depend upon the r^tio in which the 
process of dilatation and liquefaction is propagated inwardly, 
(hrough the lava, from the point at which it commences at the 
lower extremity of the fis$ure; and this ratio must be pro^t 
portioned to that in which the intumes^ent matter iseoable tq 
rise up the fissure. ; •^ 

The circumstances which determine the rate of this, rise are, 

1. The tension, or expansive force of the confined vapours^ 

which is the same as their temperature, S* The widtlji 

of the fissure, or aperture of escape^ 3» The superficial of 

^external pnessure, whether atmospheric alone, or other* The 

-rapidity of the progress of dilatation toward^ the interior of 

4he heated mass of lava, and consequently the/vicrfen^e of thf 

process of expansion, evidently varies directly with the tw^ 

'first of these terms and inversely with the last* If any two 

of these terras be supposed fixed, the energy of the expansion 

will vary iwith the third. Therefore, under equal circumr 

stances of temperature and external pressure, the violence c^ 

the ebullition varies directly with the size of the fissure. 

J In the generality of instances it must happen that the fissipre, 

'thus broken through the superincumbent rocks, is extremely 

i narrow, irregular, and intricate \ and the distance great froqn 

the external surface of these rocks to the focus of ebullition ; 

• this process will tjierefoi^e be proportionably slow and power- 
less, so that the refrigeration of the rising lava by contact 
with the sides of tbe fissure, together with the weight, of th^ 

' column of lava eJevated, and th^ obstruction created by tliB 
^ fall of fragments broken off by the aerifprm ftiiids that pr^- 

• cede the lava in its ri^e, ipust speedily stifle the ebuUitioD, by 
restoring the preponderance to thf forces of repression. ^ 

'. The lava, so cpugoUda ted, willjje.^1 jip. the Jft wpr. p^rt of tlyj 
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Laws which Reguhte iU D^lopment. ^ 

'fisfettri^ i and thd only distinetioil beiiirf»en this case and that 
of the injected veins mentioned above, (§• 16*) is, that herefi 
certain proportion of the vapour fir$t g;enerated will probably 
succeed in eifectino^ its absolute escape into the outer atmos- 
sphere, before the fissure is finally closed. It is highly pro« 
'bable that the vapours, clouds of smoke, and momentary pro*- 
jeetions of fragments, that are occasionally observed to be 
discharged during violent earthquakes from some of the ere* 
vices ivhich they occasion, owe tneir origin to a subterranean 
action of this nature, which may be considered as an abortive 
"eruption^) no more prolonged or more violent manifestations 
of subteranean activity being visible. 

^. 19. But whenever the fissure broken through the over* 
lying crust of rocks by any effort of the force of subterranean 
-expansion, is of considerable width, and consequently produced 
an ebullition of such energy that the intumescence of the lai'a 
overcomes the obstacles to its rise, and is enabled to reach the 
mouth or upper extremity of the fissure upon any one point, 
'then all the characteristic phenomena of volcanic eruption are 
tnanifestated on the external surface of the globe, in the more 
or less violent and prolonged discharge of elastic vapours and 
ejected fragments from an orifice in its crust. 

§. SO.. It may be as well to investigate more in detail (he 
laws by which the violence and duration of the eruption must 
•be determined. 

The expansive force of a molecule of the contained water 
*at ftny point to which the process of vaporization reaches, varies 
• of course with its temperature. 

The degree to whicn this force is developed will vary in- 
versely with the impe4inients.that repress its full expansion. 

These are^ 

1. The external pressure; atmospheric, oceanic, or other. 

' II. The weight of the column of liquefied lava it supports* 

III. The reaction of the vapour already generated from the 
confining surfaces. If these are absolutely resistant 
on every point except at the fissure, this reaction will 
vary inversely with the width of the vent. 

The sum of these^ forces constitutes the general force of 
repression. 
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The first element of this force is wliollj dependent on ex- 
ternal circumstances. 

The second varies with the specific grairitjr of the lava, and 
acts upon any point in direct proportion to its vertical distance 
from the highest surface of the liquefied lava. It is tbl^re- 
fore augmented on the lava in ikefoeus^ or teat ofexpamiofiy 
in proportion as the lava rises op the fissure. 

The third element of the repressive force varies, as haa beeii 
said, inversely with the width of the vent, and acts upon any 
point in proportion to its distance from the exposed surface of 
the lava, measured along the line of pressure, whatever its 
direction. 

It is seen that the two latter forces of repression encrease 
rapidly towards the interior of the lava, in all directions from 
its exposed surface, where they are both null. Conaeouently, 
if the temperature be' supposed uniform throughout, tne pro- 
pagation oftheexpansion inwardly, and therefore the violence 
of its outward development, must proceed in a retarded ratio, 
decreasing more or less rapidly from its commencement : the 
expansive force being the same at all the points which the 
process successively reaches, while the repressive force is con- 
tinuallv increasing with the distance from the exposed surface 
of the fava. The points at which all expansion is ultimately 
subdued by the predominance of the latter force, would be 
the limits of the space through which the dilatation is propa- 
gated. 

In this manner, in reality, the progress of the dilatation in 
a lateral direction must take place in a retarded ratio, and be 
completely checked at a certain horizontal distance from the 
vent, since each horizontal stratum of Ip.va is supposed uni- 
form in temperature. 

But we have seen that the temperature of this confined 
mass of heated crystalline rock increases more or less from 
above downwards ; consequently^ the expansive force in- 
cjPeases in the i^ame direction; and if we could sup|K>8e it 
possible that this increase could exceed or keep pace with the 
rapid increase of pressure in that direction, occasioned by the 
weight of the supported column of liquid, no limit would 
exist to the progress of the expansion downwards, in a nni- 
form, or even an accelerated ratio. But the extremely rapid 
augmentation of temperature, in a vertical direction, required 
for this, is wholly improbable; and we must conclude that, in 
every case, a limit exists to the inward propagation of exp^n« 
sion in a vertical, as well as a lateral, direction ; a limtt at 
which the repressive force, compounded of the weight of the 



tapporledcolaM 6fliqiiid*^Iie reaction of tbe. vapours geai««« 
JMpA — and the external presaure^ completely prevents any 
vaporizatioA froni taking place« The process of dilatatiooi 
baviog attained these boundaries^ the limits of the dilate4 
mass would thenceforward remain fixed, unless the equill* 
brittm ^is destroyed by some further change taking place in 
tbe circunielaiiGes tbat influence the energy of the opposite 
forces. 

It is obvious that the more rapid the increase of tempera* 
ture downwards, the longer will be the vertical dimensions of. 
the dilated mass, compared to its horizontal extent ; and the 
fnore will the violence of the eruption be prolonged; Md, 
on .the other hand, the more uniform the temperature of the 
successive strata, into which we may imagine tfie crystalline 
iQitflS divided, the shorter will be the duration of thie eniptioil* 

Again, the greater the specific gravity of the lava, tte less 
will be tbe vertical depth to which the dilatation is propa- 
g^aled, and the less rapid its development. 

^.91. These considerations lead to the establishment of 
the following general propositions ; viz. 

1. The energy of the efuption, or absolute f|Uftii(i!im of out- 
* ward expansion which takes place in giveir times, will 
vary directly with the temperature, or tension, of the 
lava to which the fissure communicates, and the width 
of this aperture ; and inversely with the thickness of 
solid ana refrigerated rocks across which the. vent is 
broken, the specific gravity of the lava, and the exter- 
nal pressure. 

9. The duration of the eruption will vary directly with the 
rajte at which the temperature increases downwards, 
and imerseli/ with the specific gravity of the lava, and 
width of the vent. 

3. The sum of expansion produced durino^ any finite erup- 
tion, as well as the volume of the dilated mass, will 
be directly proportioned to the energy and duration of 
the eruption. 

^. 33. If we suppose the dimensiona of the fissure of escape, 
or vent, and the external pressure to remain constant, it is 
obvioua that the development of tbe expansive force m^U' b^ 
QMist violent at its commencementy and decrease in energy by 
degrees ; dying away entirely wben tbe powers of repression 
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and «^pflnftIoii had but thetAselres ^omp\eie\y in eqailibric^ 
throughout every point of the expanded space. But if the 
External cireurostances by which the force of repression is 
iDodified, are subject to change during the development of the 
^xpdnsive force, the ratio of that process must vary likewise^ 
lind inversely to the force of repression. Now^ in all cases 
bf volcanic eruption, it necessarily happens that the force of 
repression is rendered, in this manner, more or less variable^ 
hy contemporaneous alterations, either 

I* In the dimensions of the vent; or 

, S. In the external pressure or resistance to its expanstotTy 
acting upon the surface of the lava within the vent. 

I. The intehse energy of the dilatation that suddenly takes 
place at the extremity of any newly-formed fisiiiure of 
escape, and the abrasive force of the dilated matters 
(particularly of the elastic fluids as they struggle vio» 
lently upwards through this aperture) must more or less 
fracture and break up its aides^ aild thereby enlarge its 
dimensions. 

The extent of this enlargement will depend, 

1. On the violence with which the expansive force is 
at first developed, and therefore (ceteris paribus) 
on the temperature or tension of the confined 
lava. 

S« On the degree of solidity of the rocks composing 
the sides of the fissure, which may yield more or 
less readily to the explosive violence of the escap- 
ing matters. 

« 

S. On the absolute depth from the surface of the earthy 
of the focus of expansion to which the fissure 
extends. 

tn proportion as the aperture is thus enlarged, the sum of 
the repressive forces is diminished, and the ratio of dilatation 
consequently accelerated. The energy of the expansive ac- 
tion — the violence of the intumescence of the lava, and the 
quantity protruded up the vent in given times, — are thus pro- 
gressively augmented from the commencement of the process. 

IL But if the enlargement of the Venl by the sodden and 
violent explosions with which the phenomena of an 
eruption commence, has the efiect of temporarily dimi* 
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tiisliiiig tfie repressive force, we cannot but perceive* tfiat 
another important class of circumstances is generated by 
the action of the volcanic force, tending in the most 
direct and absolute manner to augment the combined 
forces of repression, and put a stop to the continuance 
of the expansive process. We have already observed 
that such an effect necessarily accompanies that peculiar 
mode of- volcanic expansion (subterranean eruption) 
which consists in the occupation of fissures, whether 
contemporaneous or injected^ oy intumescent lava \ where 
the weight of the column of liquid occupying the fissure, 
its refrigeration by contact with the cooler sides, and the 
diminution of focal temperature, ultimately check any 
further expansion, and produce the resolidification of the 
injected mass : by which the repressive forces are re« 
paired and strengthened* 

A few considerations on the circumstances that charac- 
terise a volcanic eruption taking place on the outer surface of 
the globe, will convince us that this '^suicidal*' character, 
(if I may be allowed the expression,) is still more remarkably 
exemplified in these cases; and will lead us to the establish* 
ment of a most important and interesting general law ; viz« 
that ' 

The development of the volcanic action necessarily and uni-* 
yersallj/ tends to its own extinction^ by augmenting the opposite 
forces of repression. 

This law will, perhaps, be found, hereafter, to afford an 
explanation of many of the changes which have taken place 
in the earth^s crust, knd which are not at present generally 
supposed to have an}' connection with volcanic action. 

Ihe circumstances to which this effect is owing, are princi-* 
pally the following, viz. 

I« The liquid lava forced up the vent by its own intu* 
mescence and that which rapidly takes place below it, 
increases the length of the vertical column pressing 
upon the inferior mass, by the whole depth to which it 
rises within the fissure of escape, and consequently 
augments the compression upon every molecule to- 
wards which the expansion is propagated inwardly, by 
the weight of a column of liquid lava of that height. 
The effect of this repressive circumstance will vary 
directly with the specific gravity of the lava, and the 
vertical depth of the fissure broken through the solid 
overlying crust. 
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IL, The surface of the liquid lava propelled up* tfae^vent 
into contact with the atmosphere, parts rapidly >with 
the elastic fluids thai produce its liquidity : and id pro- 
portion as it thus^ loses the mobility of its parts and 
pecomes solid, this superficial crust must oppose by 
its cohesion^ a considerable resistance to the expan- 
sion and escape of fresh matter from beneath it^ .over 
and above that occasioned by its weight. 

' HI. The fragmentary matters ejected by the violent ex- 
paosion and rise of the elastic iaida that escape* from 
the vent, partly accumulate arovnd its month, but in 
great part fall or roll into it again, and thereby ob- 
struct the riae and expansion of fresh idatters. The 
proportion of those fragments that iall or roll again 
into the mouth of the orifice after their projection will 
increase gradually with the sum of the ejected matters, 
that is with the continuance of the eruption ; siac&the 

freater the accumulation of fragmentary substances 
eaped up around the mouth of the vent, the less 
easily wilt the fresh fragments ejected be enabled to 
arrange themselves in a stable manner on the outside 
of the vent. In fact, the subconical crater that is thus 
formed around the opening, acts like the mouth of a 
funnel in directing the falling fragments into the vent; 
the more the dimensions of this funnel are increased 
by the addition of fresh materials to it, the greater 
evidently will be the proportion of fragments directed 
into the vent. 

From hence it inevftably happens that the sum of the forces 
of repression, which, at first, perhaps even progressively 
diminished by the widening of the vent, will, sooner or later, 
by the combined influence of these circumstances, begin 
again to increase ; the ratio of internal expansion, which was 
at fii^t accelerated, will then be doubly retarded ; the dis- 
charge of the dilated matters will b^ decrees diminish, with 
the internal intumescence that occasions it, and finally cease, 
\fhen the increase of compression, and the decrease of expan- 
sion, have brought these opposite forces to an equilibrium. 

The moment at which the compound force of repression 
begins to increase, forms the crisis o^ the eruption ; the vio- 
lence of which must progress! velj* diminish, as this force in<- 
creases in an accelerated ratio, wnile the energy of the oppo- 
site force of expansion, which then was at i^s maximum^ is 
proportionately dipinished. 
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^ • SS. We have seen that while the expansion of the kva 
progresses inwardly, the excess of the intumescent matter must 
rise up the fissure of expansion; and if this fissure communi*' 
Gate with either of the fluid media, air or water/ that out- 
wardly envelope the solid crust of the globe, it will escape 
absolutely upon the outer .surface of the earth. 

^ This escape may take place, according to circumstances^ 
either, 

I. By the rise and absolute expulsion from the mouth of 

the vent of the liquid lava alone — which consists, as 
we have seen, of an assemblage of crystals of one or 
more minerals, more or less disintegrated and commit 
nuted, merged in a vehicle of steam, proceeding from 
the volatilization of the water which was intimately 
united with their texture. Or, 

II. By the partial elevation, and perhaps expulsion, of the 
lava, and the absolute escape, by itself, of a certain 
proportion of the elastic vapours contained in it; 
which traverse the mass of liquid lava, and rise from 
its surface in consequence of their inferior specific 
gravity. 

The degree in which this escape will be effected, that is, 
the proportion of the elastic fluids generated which are pro- 
pelled upwards and escape from the lava, to that which 
remains confined within it, and occasions the augmentation 
of its volume, is, as we have seen above, determined by the 
liquidity and specific gravity of the lava — in other words,, by 
its Jluidity. 

%. S4. It is clear that as the dilatation progresses towards 
the interior of the subterranean mass of solid crystalline lava, 
the gaseous fluids cannot escape from any depth below 
the surface as quickly as they are formed, however great may 
be the fluidity of the lavn ; which must therefore. in all cases 
intumesce more or less, and rise en masse up the vent.* 



* It is this law that determiaes the intniaesecnce of all liquids by ehnUj- 
tion. The degree of intumescence varies inversely with the fluidity-^that 
i«, with the specific gravity and moHIUj^ of the liquid. In the same maa- 
ncr as, m our kitchens, the greater the contisten^ and Ugktnenoi the sub- 
stance, the greater the quantity that hoHw over \ so, in vokaaie eruptioai, 
the degree of intumescence, and consequeatly the quantity of lava etevatod 
ea masee by the same wicanic foroe, ia wv^isely proportionate tp ifs 
liqaiiity aaa specific gravity. 
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^herie exists also sufficient reasond {br'be^lievitT«: Aat the 
va itself is in all cases ele?ated, either to the mouth of the 
Vent, or, at lea:^t, to within so short a distance from it, that 
its surface is in free communication with the external air. 

In fact, the liquidity of the dilated lava at any point (ceteris 
paribus) varies universally with the compression it sustains; 
and, since the pressure or resistance experienced from above 
by the surface of the column risin<i^ within the vent, is one of 
the elements of the compressive force, the liquidity of the 
lava, as it rises^ must vary inver8ely with this resistance. But 
the expansive force of the elastic fluids strug^rling to rise and 
escape through the fissure, must, by its reaction from the sides 
of this aperturO) increase the superficial pressure on the lava 
below, and consequently diminish its liquidity^ thereby pro- 
ducing an impediment to the freedom of their own motion, 
and consequently augmenting the volume of the lava, and 
forcing it to rise higher, en masse, up the vent. This re- 
action, and the effect it produces, will be proportionate to the 
depth, narrowness, and irregularity, of the fissure, and conse- 

S[uently will be diminished by its forcible enlargement. The 
all and accumulation of the fragments broken oif from the 
sides of the fissure has a similar influence in dimfnishing the 
liquidity of the lava, and raising the levelof its surface within 
the vent — and both these causes united, will^ in all cases, 
necessarily occasion the elevation of the lava to within a verjr 
short distance of the mouth of the orifice, and preserve it at 
that elevation, until the expansive force ceases entirely to be 
developed below, or is so far diminished that the elastic fluids 
escape from its surface, by reason of their inferior specific 
gravity, in a quicker ratio than they are generated below by 
•the retarded progress of dilatation. The level of the lic^uid 
lava will then begin to sink within the vent, and subside, 
till all escape of the confined matters, even in a gaseous form 
is impeded, by the successive augmentation of the forces pf 
repression. 

§• 25. The phenomena rendered sensible on the outer sur- 
face of the earth, by this development of the expansive force 
of lava confined beneath it at an intense heat, constitute a 
volcanic eruption. 

This must commence with a series of jarring shocks, or 
earthquakes, repeated at more or less distant intervals ; the 
last being immediately followed by the more obvious display 
of subterranean activity at the upper extremity of the rent 
that has been at length forced completely through the earth^a 
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crust; viz. by the vipl^nt expulsion and escape .from. thU 
aperture; either 

I. Of a mass of liquefied lava alone, when its fluidity iss0 
•extremely imperfect, that none of the contained elastic 
fluids are enabled to traverse it^ and escape from its 8ur« 
face, hy the influence of their inferior specific gravity^ 
Or, 

XL Of. the aeriform fluids alone, when the fluidity of the 
lava is so greaty that, after its surface has risen to the 
mouth of the vent, and thus has acquired a free com-* 
munication with the outer air, its intumescence. is car* 
ried no farther, but the elastic fluids traversing it witli 
facility, escape from the surface exactlv in proportion 
to the excess of dilatation produced in theJower strata 
of the liq uid mass. Or, 

III. Of both the lava and elastic fluids in the proportions 
determined by the degree of its fluidity. 

The first of these three cases appears almost entirely con^ 
fined to subaqueous eruptions ; where the superior density of 
the ambient fluid, and the greater external pressure it pro- 
duces, may be supposed occasionally to diminish the fluidity 
of the lava to this excessive degree. 

Again, the extreme fluidity necessary to produce the second 
case is of rare occurrence, if not solely confined to such vol* 
canos as are in permanent eruption. <Stromboli ; and 
%ome of the volcanos of the Andes, whose detonations are oc* 
casionally heard, but which exhibit no other phenomena.) 
' In the generajity of instances the fluidity of the lava appears 
to have oscillated between these two extremes, and conse- 
quently to havt^ occasioned the absolute escape from the orifice 
of eruption both of lava en masse, and of the steam evolved 
from it, in varying proportions determined by the degree of 
its fluidity. 

%. 26. In such a ease the external phenomena of the erup^ 
tion must begin by the violent escape or discharge of elastic 
iluids from toe vent ; since the gradual intumescence of the 
lava up this channel, must occupy more or less time, during 
.which the gaseous fluids are continually escaping from its 
surface, and rising rapidly up the aperture. 

The ratio of the intumescence of the lava, and consequently 
of its expulsion from the orifice^ after it has attained that 
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level, varies, we have seen, inversely with its fluidity, the 
expansive force being fixed. But since the development of 
the expansive force, or ^ eruptive fwce^^ usually increases in 
energy at first, owing to the enlargement of the vent, the 
violence of the eruption, and therefore the ratio of expulsion, 
both of the lava and aeriform fluids, will at first be grada« 
ally augmented. The eruptive force, however, diminishing 
again in intensity, as the repressive forces are in turn aug* 
niented, the eruption will shortly reach its crisis; that is, 
the moment when the eruptive force is at its maximum ofvio^- 
lence ; after this, the ratio of production will gradually de- 
crease ; the lava will soon cease to be expelled en masse from 
the vent ; the contained elastic fluids will escape from it by 
the impulse of its greater specific gravity faster than the^ are 
^nerated below by the gradually retarded progress of dilata- 
tion inwardly. 

By this escape, the volume of the lava is diminished^ and its 
surface subsides within the vent. Thus the violent discbarge 
from the volcanic orifice of the aeriform fluids alone, consti- 
tutes the Concluding phenomena, as well as the commencement 
of the eruption. 

But at the same time that the level of the lava is slowly 
lowered within the volcanic chimney, th^ falling of the scoriae 
projected upwards by the gaseous explosions, tends more and 
tnore powerfully to obstruct this issue. The expansive force 
of these fluids struffgling to escape from the lava when at 
pome depth within tue vent, may again break up, and further 
enlarge its dimensions, and thus momentarily revive the de- 
caying energy of the expansive force. More than one oscil- 
lation of this sort will perhaps occur, in which the einiption 
will appear to be renewed; but as, the more violent the 
struggle, and the longer it continues, the greater thequantity 
of obstructing fragments produced, — these brief paroxysms 
only exhaust the energy of the expansive force, and accelerate 
the victory of its antagonist. 

Many of the fragments ejected in this manner ar6 more or 
less triturated and pulverised, by the immense friction they 
'undergo in their repeated projection and fall. A great pro* 
portion of the finest and lightest are entirely discharged, 
rising with the escaping gasses into the higher regions of the 
atmosphere in turbid clouds; but as the surface of the lava 
column sinks lower, its explosions lose at length the power of 
projecting even these loose and fine fragments beyond the 
lips of the eruptive chasm or crater. They must therefore 
continually accumulate in increasing quantities, both by direct 



iMy and fayiroliing down the infier slopes of the crater, upoif ' 
the surftice of 4he lata^ and eventually must cbmpleteljr stifle 
its dl)ullitton* ' 

The eruption then has tertninated. The repressive forced 
have completely put a stop to the outward development of thA 
expansive force ; and they continue to increase for some time 
by the rapid dilapidation of the deep and ruinots crater, 
whose debris augments the pressure on the subjacent lava. 

Tbe rain-water that collects at the bottom of the crater^ 
and penetrates through the fragmentary matters accumulated 
there, likewise increases the fcM'ces of repression by refrige# 
rating and consolidating the surfoce of the residuum of lava.; 

The escape of the steam from its superficial crust by pert 
eolation through the fragmentary accumulations that cover it^ 
IHTopagates the consolidalioti still further, 

§,.27. If we now examine what must be the condition of the 
snbterraiiean body of lava from which the eruption :broke 
ibrtb, we shall find that a definite space of this solid^ bat 
heated, mass, has, by the process above described, been more 
or less disintegrated and dilated; a certain quantity of its 
crystalline matter, and a still greater proportion of the aqueous 
vapour generated from tne water it contained, havitig escapHi 
upon the surface of the earth, leaving the remainder in a di^ 
lated state from the qoantfty of elastia fluids still disseminateii 
through it, and ai a greatly diminished temperature* The eirf 
cuoistances that determine .the absolute and relative diiuen- 
sions of this space, which may be properly called the focus of 
eruption, have been already laid down, (See p. S9w) 
• The complete c^structioa of the rent has now put a stop to 
the progress of dilatation towards the interior of the mass^ 
which continued only so long as any part of the dilated mat* 
tera was expelled from this, avenue of escape ; and the ibrteb 
of expansion and repression are momentarily in equilibrio da 
every poiptof the focus. > 

' 4 

k* S8. The temperature of this dilated mass is, however, 
very inferior tp that of the solid lava which surrounds it ; eoi»- 
sequently the latter will gradually part with its caloric to the 
former, till an equilibrium is attained. But this gradual aug- 
mentation of temperature in the focal mass must proportion- 
ately ijicrease the expansive force of the elastic fluids it eotf^ 
tains* ., .1 

The ratio of its augmentation depends on that in which fresh 
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caloric is communicated from tbe mirroimdidl;' surftdeS) m4 
may be supposed to vary with t^e temperature of the stra^ 
tum of crystalline rock of which it forms a part-*«the eonn 
ductrng powera of the solid lava-«-tlle depth pf the local 
loass^ &c. 
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' §. 9Q. if the ratioof this augmentation should be sufficiently 
rapid to counterbalance the continual increase of the repress' 
give ferces by the greater or less obstruction of the vent, 
(which under a combination of peculiarly favourable circumV 
stances influencing the disposition of these obstructing -roat^* 
tars, we shall presently show to be possible, and occasionally 
though rarely to take place,) the eruption becomes permanent, 
|the. increments of caloric communicated to the dilated massr 
from its enclosing walls, pass off by the outward escape of 
gaseous and solid matters, in the exact i*atio of their commu* 
aicfttion; the temperature of the focal mass remaining cdn« 
fftant ; and the only change to which it is liable being, that 
fiiQce a certain proportion of the solid matter of this lava ( whe^ 
4her in a fragmentary or liquid state) must be always expelled 
jfroln the vent togethei with the escaping vapours, the consei* 
queut diminution of pressure will propagate the expansion 
proportionably further in depth, by which means a portion of 
Jj)e solid walls surrounding the dilated mass will continoally 
isnter into ebullition, exactly corresponding in bulk to the 
|K>rtioQ which this mass loses by the ceaseless eruptions of tho 
vent. This liquefaction of fresh matter apparently supplies 
Itbe continual expense of water, which takes place in the vo«« 
lumes of vapour that rise successively from the boundaries of 
<the dilated mass to the exposed surface, and are visibly dis«> 
i^harged from the volcanic orifice* . 

In such a case it is obvious that the eruptive phenomena 
must be comparatively tranquil and uniform ; affording a mea« 
aure of the ratio in which fresh caloric is constantly commu* 
nicated to the subterranean mass of. liquefied lava, or focus| 
from the surrounding and solid substance, 
^> This (Condition of a volcanic vent represents what has been 
jiamed above, the phase of permanent eruption* 

§. so. But when, as almost invariably happens, the ratio of 
increase of the repressive force during an eruption, exceeds 
4hal in which the expansive force of the dilated mass is aug« 
mented by the slow transmission of caloric frotp th^ enclosing 
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l*odt)tlie moment mu9t arrive when tbe eruption terminates. 
The fissure of eruption is finall)^ obstructed, and all absolute 
escape of the dilated matters prevented. 

In this dtftte of things, tife continual increase of the expan- 
ittve force df the liquefied mass must have the effect of narrow- 
ing its limits — the outer and lower parts, in which the increase 
of temperature is greatest, gaining in volume at the expense 
of the inner and tipper parts, where the increase of tempera- 
ture i« slowest, ana which must be proportionately compressed, 
bnd ultimately solidified by the condensation of their enclosed 
vapours. By this process the former vent or fissure of escape 
becomes still more durably and efficiently obstructed ; it is as 
It werfe hermetically sealed by the consolidation of the lava 
%rhich occupies it. 

§.31. But at the same time the lower parts of the focal mass 
are suffering a gradual increase of their expansive force^ and 
this increase is limited only by their reaching an equal tem- 
perature to that of the surrounding mass. 

Before this can be effected the increased expansive force of 
the focal matter will probably overcome the resistance op- 
posed by the overlying obstructions, produced by the last 
eruption, and by creating one or more ruptures across them, 
renew the eruption from the same or nearly the same point on 
the earth's sunace. The repetition of such eruptions from 
the same vent or fissure originally broken throus;h the pre-ex- 
isting superficial strata, occasions What is callea an habitually 
nctive tolcano^ and at length by the accumulation of their 
products gives birth to a volcanic mountain. 

§. 3S. If the increasing expansive force of the focus does 
hot succeed' in forcing a fresh issue, before its temperature has 
been equalized with that'of the enclosing crystalline rock, it 
will then have become completely solidified, (with the excep- 
tion perhaps of someTew points on which the vapour it con- 
tained has been forced to concentrate itself,) and assimilated 
to the remainder of the mass, except in the size of its compo- 
nent crystals, which have b^en more or less disintegrated. 

%. 39. When thusr resolidified and eaualized in tension to the 
enclosing mass, the focus shares equally in the general expan- 
sive force of the whole stratum of heated rock m which it was 
formed. The continual increase of this force must sooner or 
later, either cause the dilatation of the Vndss, and, by so 
tloing, elevate all the roeks above, or burst a passage for the 
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outward escape of its coaceiitrated caloric* This wiU taliiv 
place of course on the weakspt point of the overlying rocks, 
which, in the generality of cases, will be coincident with thai 
where the prior eruption found a vent « and hence arises the 
fiir greater frequency of habitual vclcanos than of singlo 
eruptions from fresh apertures. 

§• 54» Sometimes, however, it may happen that the solidi-» 
fication of the lava formerly injectea into the eruptive fissure 
has sealed it so effectually that the subterranean expansive 
force finds less resistance on some previously unbroken point 
of the overlying strata ; and an absolutely new vent of erup* 
lion is thus produced on the globe's surface. This will usuallT 
be effected on the prolongation of the original fissure, whidt 
must be the direction in wnich the rocks wul jield most easily, 
having probably been shattered along that line by the earlier 
shocks. This law gives rise tp the long linear trains of voU 
canic vents so often noticed. 

§« S5. The distance of the new vent from the former one 
will be of course dependent on local circumstances in the 
structure, tenacity, and other elements of resistance, of the 
overlying rocks.. It may vary from a few yards to many miles. 
The expansive ibrce, by which these ruptures are produced, 
being general to the whole underlying bed of intensely heated 
crystalline rock, the horizontal extent of. which is by our hy« 
pothesis unlimited; and of which the expansive power is only 
limited by the local circumstances that upon diflbrent points 
may diminish its tension. 

These circumstances will be considered presently. 

^. 36. On the whole it appears that wherever an habitual 
volcano exists a constant struggle is kept up between the ex- 
pansive force of the subterranean bed of lava, and the repres- 
sive force created by the solid and fragmentary niatters which 
accumulate within and pver the vent* 

Eruptions break out and cease ; recommence, and are again 
stopped alternately, at intervals of greater or less duration, 
according as the one or the other of tnese opposing forces ac-* 
quires the preponderance a the exercise of tmt superiorityi in 
each tending to augment the power of its antagonist. Every 
volcanic eruption, in fact, is the meam by which thecahric 
enumating from the interior of the globe passes off into outer 
space through the surrounding, atmospnere,. each volcanic 
vent acting as a safety valve to the globe. But this outward 
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development' of internal ener^ is necessarily productive of ^ 
f ircumstances by which its continuation is in turn impeded,^ and 
the temporary stop thus generally put to the transmission of 
caloric^ concentrates it below the impeding surfaces, and 
augments the energy of its expansive force beneath them, till 
it again forces a passage. 

Wiien the two opposing forces of expansion and repression 
oscillate for any length of time about an equilibrium^ eacK 
alternately acquiring the superiority at brief intervals, the 
volcano exists habitually in the second phase, or that of brief 
intermittences. 

When on the contrary circumstances favour the excess of 
the forces of repression, the intervals of rest are of long du* 
ration, and the violence of the eruptions that break forth when 
the force of expansion has at length attained the superiority^ 
will be proportionately great, in consequence of the intense 
tempwiture to which the confined lava had been raised in the 
mean time, even in its superior strata* 

Such an eruption acquires the character of a paroxysm, and 
the v^ano in which these circumstances are habitual, exists 
in the third phase, or that of prolonged intermittences^ 

^•9>7* But to produce an extremely violent or paroxysmal 
eruption it is not necessary that the volcanic vent should have 
been wholly inactive for a considerable time. On the con- 
trary, it may have existed previously either in permanent or 
frequent activity, in either the first or second of the phases . 
noticed above* The minor eruptions of these phases, with all 
their accompanying phenomena, having their origin in upper 
or secondary foci, in all probability cmove the level oi the 
▼ent originally broken through the superficial strata,, and 
within the chimney of the volcanic mountain. 

If these eruptions do not carry off the whole excess of caIo« 
no communicated to the inferior bed of crystalline and heated 
lava, the general expansive force of this mass^ being conti-^ 
nually on the increase must eventually overcome the opposing 
resiatances, and break out in earthquakes, and heavings of. 
the whole overlying mass. When by these a fissure is formed 
penetrating to a great depth within the lava rock, its intense 
temperature will occasion a proportionately violent expansion, 
and produce a paroxysmal eruption* 

Hence it is tnat many habitual volcanos appear to exist at 
once in the second and third phases, and to have a double 
system of operations^^ productive both of paroxysmal and mi- 
nor eruptions. 

i> 2 
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Tbe first occur at intervals of very loDjg^ duration, proceed 
from an inferior focus, take place with intense violence and 
rapidity, and leave a prodigiously wide and deep crater. 

The second class or eruptions, proceeding from higher and 
secondary foci, throw up cones in the centre of these s:iga{itic 
craters, which they tenet gradually to fill- up and obTiterate, 
i^nd continue in very moderate but frequent activity, until 
their products are once more blown into theair, by an explo- 
sive eruption of the first class. 

These alternate developments 6f activity, from the* primary 
or inferior, and the secondary or iipper seats of expansion, 
explain the s6 frequent appearance of a recent volcanic cone 
rising out of a larger and older crater, as Vesuvius, firom tl|at 
df Somma ;* the Peak of Tenerifie and Chahorra, firom the old 
drcus described by M. de'Buchjf the diflerent- successive 
circus's of Bourbon ;| that of Volcano ||l of the Lake of Ron* 
ci^lione, of Astroni ; that of* the N. W. extremity of -San 
Miguel, which is 15 miles in circumference, and contains' two 
ot three parasitical cones on its interior ;§ Tunguragua, at 
the bottom of which Humboldt saw some minor cones iff full 
activity, &c. &c. 

§.38* The nature of the circumstances which determine the 
relative power of the two opposite forces of expansion and 
Impression, and* consequently, the energy and duration of 
eruptions, presents an interesting subject of investigation, 
T^hich it will be as well to pursue somewhat more ui detail. 

By the hypothesis with which we set out, the accession of 
caloric fVom the interior of the globe towards any individual 
l>ed of lava in the vicinity of its surface, was supposed to be 
cbnstant and uniform. ^ ' 

Therefore the conduct of the expansive force would of it- 
self be regular and invariable. And we must look for the 
origin of the irregolarities in the phenomena in question to 
variations of the repressive force alone. 

And first for those remarkable instances of external volcanic 
actibn, in which the opposite forces are so nicely and con« 
tinually balanced, that ttie ebullition is permanent, and ' the 
volcano in the first phase. 

' Stromboli has been already cited as a rare (and perhaps 
almost unique) instance of ceaseless eruption. But it is not 
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^ Webster's Description of St. Miehaeh Bavfon.— ;1822. 
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diflBcult-to diacoverthe peculiar drcumstaacesito whicl^.tli{^ 

volcano ovestKe remarkable c^Dstanciof equiliDriuRi thatia 
here preserved between the expansive for^e of its focua, and, 
the forces of rep^essioD mentioned above. Dolomieu and 
Spallanzani both mistook the character of this volcanic moun-' 
tain. [They supposed the vent to have formerly existed at epiue 
distance from the actu^ one, because the latter is overlooked 
by a piuch higher eminence, and these Geploglsts had been, 
accustomed to find thechief crater of a volcano uniformly at 
its summit. The fact however is, that the orifice of eruption 
lies as usual at the bottom of the crater, and has ne^er changed 
its position in a lateral direction; but one whole side of the. 
crater ha« evidently been destroyed at a distant period ; pro-, 
bably blown up into the air by solne violent paroxysm, which 
may be supposed to have preceded the present phase of mode-' 
rate and prolonged activity, i 

■ The present ^pne of Stromboli has in consequence a re- 
markable figure^ which will be beat understood by reference 
to the accompaDying profile, sectioo, and plan. 

Fig. 3. Fig. 4. 



The orifice of eruption is bounded on one side by a higtt 
semicircular slope, forming the remaining part of (he crater, 
while immediately from its lip on the other side, a sleep slopd 
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commences, reaching to tlie sea, and inclined at un angle of 
45*^; consequently too rapid for any fragments but the lightest 
and smallest to stop upon it« , 

Hence, of the fragments thrown up by each explosion from 
the vent, less than one-half can be supposed to be returned 
info the orifice, either by direct fall, or by rolling down the 
sides of the semi-crater ; while the remainder falling on the 
other side of the vent, roll with excessive rapidity down the 
inclined plane into the sea. It is clear therefore that owing 
to this peculiar conformation, a very large proportion of the 
fragments created by the bursrting of the steam bubbles 
through the surface of the liquid lava are irrevocably dis- 
charged from the vent at each explosion, and the surfiice tif 
the lava within can seldom be covered but by a limited quan<- 
tltyat a time, which quantity cannot be increased by the con- 
tinuance of the eruption. 

Since it has been said that there is reasop for supposing 
Stromboli to have existed in its present phase at least for the 
last 2000 years, it may be thought strange that the immensie 
quantity of fragmentary matter which must have rolled into the 
sea at the foot of the inclined plane, during this lengthened 
period of eruption, has not augmented the oase of tne sub- 
marine mountain on that side. Whereas, on the contrary, the 
water deepens rapidly at the foot of the mountain, and is fathom- 
less at a very short distance from it. The cause of this extra- 
ordinary fact lies, I believe, in a powerful current which sweeps 
by the side of the island of Stromboli, and wears down the 
loose and brittle scoriae that are exposed to its abrasive force, 
carrying off the fragments into the distant depths of the 
Mediterranean. 

The very peculiar circumstances of conformation which 
characterise the cone of Stromboli, and have such an effect 
in regularizing and perpetuating its eruptions, will neces- 
jsarily be very seldom found in combination. Perhaps the 
volcano of the lake Nicaiagua, called by our sailors ^Hhe 
Devil's Mouth," which is described as not only in constant 
eruption, but also as having merely a segment of its crater 
remaining, and as rising, like Stromboli, su>rupt1y from water, 
may owe the similarity of its phenomena to parallel circum- 
stances. 

The volcano of the Isle of Bourbon is however another 
better known instance of a siniilar nature. This vent fre- 
quently remains for the space of many weeks in ceaseless 
eruption. 

Jn this instsince the for»t of the cone u perfect, and wo 
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tntKt look for the caose of the permancat superiority of the 
«xpaiisive force in other circumBtances ; nor ib this a diffi- 
cult ta^. The appearance aad phenoniena of tbiy volcano 
kave been described iu considerable detail by M. Bory de 
at. Vincent ; and from his drawing and observations it ap- 
pears diat oo central crater or cavity of any size exists npon 
Its Minunit (see fig. 7); bnt three or four apertures are 
f>ccasi anally formed, and during the continuance of the erup- 
lioo are filled agaiii' He gives one particularly interesting 
sketcbofthe"CratereDoloniieu,"aBa££n bybim in the night 
time (see fig. 6J, from which it appears, that during coutiDU* 

Fig. 6. 



Fig. 7. 



fid Examples — Siromboli-^BdurhM — 

O08 eruptions the ebullient lava remaitis lit a level with tbe 
Buinmit of the cone, and is continually boiling oVer the lip8> 
of the vent, like any thick or viscous liqnid o^er the^ edges of 
a circular vessel in ou^ kitchens, spreading on all sides in 
concentric undulations from the centre, where it is seen .to 
rise and fall alternately in a liquid state, and at an intensely 
white heat, owing to the continual rise of large bubUes of 
vapour which escape in succession from its interior. The 
scoriae, or tattered lava fragments, thrown up by these aeri^ 
form explosions, are in much less proportion than at Stroma 
boli, ana consist of filamentous pomice, frequently drawn out 
to the finest threads, like spun glass (verre capillaire vol* 
canique) ; instead of those rude and heavy fragments of 
augitic basalt which are ejected by the other volcano. 

§. 39. It is highly important to remark the difference be- 
tween the phenomena of these distant volcanic vents during 
their permanent state of eruption; for, notwithstanding these 
discrepancies, it will plainly appear that tliey are regulated 
by the same laws; viz. those which have been laia A^n 
above, from which these discrepancies will be seen to ^ow pf 
necessity. 

In Stromboli, the gase;ous explosions are ceaseless and 
violent, while the lava never boils over the lips of the orifice^ 

In the Isle of Bourbon the lava is almost continually in 
extravasation over the edges of the vent, and the discharge of 
aeriform fluid comparatively trifling. 

The lavas of Stromboli have a high degree of liquidity, a8 
is manifested by their cellulur nature, and an extremely high 
specific gravity, being solely augitic— their fluidity therefore 
is proportionately high. 

The lava of Bourbon, on, the contrary, with a sreat degree 
of liquidity (its disintegration having proceeded almost or 
entirely to the integrant molecule, since the lava appears 
in complete fusion, and hardens into a glass), possesses a 
very low specie graoitv^ since it consists solely of felspar. 
Hence its fluiaity must be proportionately low. 

But we have observed above, that the proportion of 
vapour which is propelled upwards, and escapes from any 
lava, to that which remains behind, varies with it^ fluidity. 
It is therefore evident why the feldspathose lava of Bourbon 
boils over the lips of its vent, while the heavier lava. of < 
Stromboli allows of the rise and escape of all the vapour v 
from it as fast as it is generated, and preserves the same 
^eveLat'the moutkof the orifice, without. any extravasation.-*^- 
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The glaasy lava that thus is continually poaretf oyer the 

edses oT the .orifice on the summit of the volcanic cone of . 
Bourbon, forma numerous amall streamletSj seldom more 
than a foot wide, that descend the sides of the cone. They, 
are frequently holloa, like a pipe or arched gutter, the 
interior of the stream having continued to flow on after the 
■ supply had ceased, and the external crust had been conso- 
li^ted- This thin crust ia often broken through by the foot. 
The Maraelon Centrale, a small parasitical cone, whiclj 
has been elevated in the vicinity of the Cratere Dolomieu, 
by previous repetitions of Uie same process described above, 
Ulustratea these observations in a beautiful manner. 

Fig. 8. 



But this constant extravasation of the lava over the edges 
of the orifice of production, is obviously the cause of tn^ 
permanence of the eruption ; since, by. the escape of the 
elevated lava in the exact ratio of the intumescence that takes 
place below, the repressive forces are preserved in equilibrio 
with that of expansion ; while at Stromboli the game eSect 
is produced by the continual removal of the due proporttoq 
of elevated matter, only in a fragmentary instead of a liqai4 
form. 

§.40. These examples, suggest the consideration thattbs 
oscillations about an equilibrium between the forces of ex> 
pansion and repression will be more or less marked, pror 
ouciiig intermittencea of longer or shorter duration, in pror 
portion as the circumstances predominate which favor or 
impede the complete escape of the protruded matters &on^ 
the vent. 

It follows from this, that the greater the dimensions of- a 
yolcanic crater, the louger should be its intervals of repose ; 
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and we sjiould expect that as the crater becomes ^pradaally 
filled by the qaantity of matter accumalathig within it, the 
frequency of the eruptions will increase. 

The trutli of thjs proposition was strongljr exemplified in 
the numerous and almost permanent eruptions that todc 
place from Vesuvius between the years 1804 and 1882^ when 
the old crater of 1794 was nearly filled ; and* which increased 
in frequency as the summit of the cone, in place of a conca* 
vity, acquired by degrees a convexity of siirfiice; whidi 
tnight have preserved the vent in ceaseless eruption, like that 
of Bourbon, but for the violent paroxysm of 1888, which en** 
tirely changed the figure of the cone, and excavated an enor* 
mous chasm through it. If these considerations are just, it 
may be confidently predicted that the volcano has now, in 
consequence of the vast dimensions of this cavity, exchanged 
its phase from the second to the third class, and that the 
eruptions will, for some years to come, be fewer, and at long 
intervals. 

^•41. It remains to be remarked, however, that although 
the peculiar form of a v<dcanic cone, such as those of Strom- 
boli and Bourbon, may prevent their vents being choked by 
any great accumulation of lava,, either fragmentary or in 
mass, yet they remain exposed to variations in the other ele- 
ments of the repressive force ; which, from the comparative 
tranquillity and uniformity of their phenomena, will be more 
obvious in these volcanos of permanent action, than in others 
of which the causes are more complicated. Such a variation 
will, it is clear, be necessarily produced by changes in the 
pressure of the atmosphere ; and, however bold or novel an 
assertion it may appear, to suppose the subterranean action 
of a volcanic vent to follow all the minute variations in the 
weight of the atmosphere, yet, on consideration, it will, I 
think, appear that such must in reality be the case ; and I 
have little hesitation in expressing an opinion, that the' phe- 
nomena of a volcano in permanent, or nearly permanent, 
eruption, are modified by all the changes of atmospheric 

Eressiire, as efiectually and constantly as the mercury in a 
arometer-«-not only that the lava rises or falls in the vent, 
as the mercury in the reservoir of the barometer, but that the 
boiling point of the water contained within the lava must 
vary with the weight of the atmosphere, and its ebullition be 
checked by an increase of weight, and augmented by a dimi'^ 
nution, as truly as that of the water contained in the ingenious 
barometer for measuring heights, of Dr. Wollaston^ 
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' In fket, tlie weight of the atmosphere is one ^soential ele- 
ment of the repressive force by which the extent of the dilated 
mass of lava is ^leteraiined ; any diminution, however trifling, 
in this weight, must allow the process of ebullition to be pro- 
pagated some way farther, and proportionately augment the 
intensity of its action; and, again, when the atmosphere 
teturns to its previous density, the slight augmentation of 
pressure on the surface of the column of liquid lava, will 
eheck the ebullition of the lower strata of the dilated mass, 
until their temperature has again risen to the boiling point 
corresponding to the increased pressure. 

if from theory we turn to observation, we shall find that it 
has been a frequent subject of remark, that the development 
of volcanic energy is often in a remarkable degree connected 
with the condition of the atmosphere* 

The inhabitants of Stromboli positively make use of the 
Volcano as a weather-glass. They are mostly fishermen ; and 
while engaged in their occupations at a short distance from 
the island, have its orifice constantly in view ; and I was 
assured, by all whom I auestioned on the subject, that its 
phenomena decidedly participate in the atmospheric changes^ 
increasing in turbulence as the weather thickens, and re- 
turning to a state of comparative tranquillity with the 
iserenitj of the skjr« 

Dnring the tempestuous weather of the winter season, the 
eruptions of the volcano no longer preserve the uniform 
march ^hich characterises them the greater part of the year. 
The explosions are then often so terrible that the island 
seems to shake from its foundations ; and these paroxysms, 
whiciv sometimes last for days, are succeeded by intervals 
of complete quiescence, of a few hours duration, which are 
in turn followed by other eruptions of similar energy. On 
6uch occasions the steep flank of the cone, which ferms the 
hicliued plane beneath the crater, has been occasionally ob- 
served to be rent in two by a vertical fissure, which emits 
a torrent of lava into the sea* The chasm is afterwards sealed 
again by the consolidation of the lava, and is covered and 
concealed by the loose fragments ejected from above. After 
tBruptions of this energy a quantity of fish have often been 
thrown up by the sea on the beach of the island, apparently 
killed by the sudden heating of the water, since their flesh is 
-found to he loosened from the bones just as if boiled. 

The connect jew ihus observed between the intensity of the 
volcanic energy in habitually active veals,, and the condition 
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of the atmoBphere^ has been ^quentl/ remarked. in other 
instances.* , 

§. '43. But this connection is not peculiar to the development 
of the force of subterranean expansion by an open volcanic 
vent, for the changes of atmospheric pressure appear often to 
influence in a similar manner those more occult modifications 
of the same force which are exhibited in earthquakes* These 
have been frequently found to take place in stormy weather, 
during hurricanes, and particularly in the winter months. 

If it appear probable and obvious that a dtiniinution of 
atmospheric pressure on the narrow mouth of an active 
volcano, will have a sensible effect in augmenting the 
ebullition of the confined lava, it is surely not mcredibfe that 
a similar diange acting contemporaneously upon a vast ex- 
tent of the globe's surface, by diminishing tne sum pf the 
resistances that counteract the powerful expansive force of 9 
bed of lava confined at an immense depth below this sur&ce, 
must determine the partial development of that force, by 
which these shocks are, as I conceive, produped. 

In factj the subterranean force of expansion, ever active, 
and continually pressing upwards with a gradually increasing 
energy, must be frequently restrained by only the slightest 
degree of superiority in the forces of repression^ so that the 
least im^inable diminution in the elements, pf ^e latter 
force may occasionally suffice to give the predominance to its( 
antagonist. 

It is obvious how the powerful ascending draught of air 
which constitutes a hurricane, and which acts so strongly in 
depressing the barometer, will have an equal effect in^^etting 
loose the imprisoned winds of the earth. 

The remarkable coincidence which has been so frequently 
observedfbetween disturbances of the atmosphere and sub^ 
terranean commotion of every kind, is thus accounted for 
by the principles of volcanic action laid down in this essay, 
with a simplicity and facility which, it is presumed, are 
strongly co]i)clusive as to their correctness, and the justness 
of the hypothesis upon which they are founded. 

It may ^as well be noticed in this place, that, while the 
changes in the condition of the atmosphere have in this 
manner a very sensible and powerful effect in modifying the 
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* The Peak* of. Temple, in tile Mekicea^^ is sM to hfeA out with 
greatest vi«l<»ice (hiripgtiie Sq^Apxcs. f 
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lie phenomena ; these, in tarn, re-act npoii the attno«- 
phere^ producing meteoric phenomena of great importance. - 

They consist in 

. !• MurricaneSj br ascending currents of air, caused bj the 
rapid rise of so large a column of heated vapour* 

' II. Rain in torrents from the clouds of aqueous vapours 
that diount up from the vent. 

III. Electrical phenomena — probably in great part occa- 
sioned by the violent iriction of th^ ejected fragments 
. against one another, as they are driven forcibly up- 
. wards with intense velocity. 

§. 43. It appears, therefore, that the chief circumstances 
by which ttie quiescent intervals of habitually active volcanic 
▼ents are produced, consist in the weight and cohesive force 
of the rocks, both fragmentary and solid, which accumulate 
above and around the orifice of eruption, and that but for 
this tendency of every eruption to impede its own continu- 
ance by the prUduction of theake matters, every volcano on 
the surface of the globe would exist in permanent and nearly 
'regular eruption; no earthquakes would take place: but 
the escape. of...caloric from the interior of the globe into 
outward space in^ combination with aqueous vapour, and 
through the tents of this natnre, which are scattered in great 
numbers over it» surface, would be comparatively constant, 
tranquil, and invariable* 

^. 44. ' But in conformity with the important law Vnentioned 
in a former chapter, the outward development of the sub- 
terranean force of expansion, is, in almost every instance, 
temporarily stopped by obstacles which it creates to itself. 
Prom hence must necessarily result a great irregularity in 
the conduct of the caloric of the interior of the globe. 
Where^ver its escape is checked it must accumulate. This 
accumulation tends to dilate the rocks in which it resides, 
and by producing fracturea in the overlying stratified crust, 
to afford a fresh avenue of escape for the caloric, under some 
form or other. 

; In this manner the- draught of caloric is forced often to 
^hiftits direction, and is diverted from one vent to another* 
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-The circumstaDce» by which tbeae altenttioos are produced, 
(;ome now under our consideratiou. 

^45. The liquefied lUass (or focus) left bv any eruption, can- 
ttnually abstracting caloric from the aalidlava which eocloaes 
it, proportionately retards the augoientalion of the expansive 
force of its interior strata, which oiilj- increase in tenperature 
as long as they are unable to part with their excess ot caloric, 
in the ratio in which they receive if Irom below. 

Fig 9. 



Tims, let a 6 c (/ be supposed the section of the liquefied 
lava mttts, or focus, led by the eruption which produced the 
cone e, in the subterranean mass of heated laVa, A B C D. 
abed baa been reduced by ebullition to a lower temperature 
- than the enclosing mass, and therefore abstracts caloric from 
it in the directions indicated by the arrows. — Conseouently 
the inferior strata of this mass, viz. CD, part witn their 
oaloric more quickly than before the eruption. If the vent 
remain permanently open, the draught of caloric thus created 
is regular, uniform and constant. If the vent is shut by the 
predominance of the repressive force, the draught of caloric 
towards the focus abed takes place in a continually retarded 
ratio. In the former case, the caloric may make its escape 
Ytutwardly in the samfe ratio in which it is commtmicated from 
below to the interior strata of the lava mass^ in which coose- 
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fluently therte will be no iobrease of expansive force ; or it 
may escape in a lower ratio, and the expansive force of C D 
will be conlinuallv on the increase^ notwithstanding the con^ 
stant expulsion of a certain proportion of caloric through the 
permanently active vent. 

In the latter case, that is, when the vent e is closed, the 
draught of caloric towards abed ticking place in a gradually 
retarded ratio, it cannot prevent the constant increase of tem- 
perature, and consequently of expansive force in C D, the 
re^lt of whichy under both these iast circumstances, tnust be 
its successive dilatations, and the prografsive elevation both 
of the overly ing solid mass A'B, and of the superficial strata 
£ F, producing fractions and dislocations in them, through 
one or more of which a fresh eruption may, or may not, takei 
place* . This will either be on the same point (e), or. on the 
continuation of the fissure upon which the vent e was foamed; 
or, at any rate, the new fissures will most probably be paral-* 
lei to the old, in consequence of the overlying strata splitting, 
*roost readily in the same direction. 

If we suppose such a vent of escape to produce another 
eruption from a fresh point j^ the same results will be pro- 
educed as at e ^ but it is obvious that the draught of caloric 
created by this new focus g h f, not only lessens the increase 
of temperature of the underlying strata C D, but also dimi-« 
nishes the quantity of caloric laterally transmitted to the older 
focus abed. 

' Hence we deduce the proposition, that the creation of a( 
fresh vent, in the vicinity of a pre-existing one, diminishes 
the ratio of this increase of its expansive force ; and generally 
that of two or more neighbouring yents — each retards the 
augmentation of the expansive forces of the others, in direct 
proportion to its activity, that is, to the quantity of ealori4 
which passes off by it in given tinges, whether by permanent 
or intermittent eruptions. 

It is obvious that by the draught of calorie thus created In 
two directions, the intermediate space d g c h is proportion^ 
ately cooled down, and by the activity of these neighoourin^ 
vents, Uiis refrigeration of the intermediate space may odn- 
timie so long as to diminish effectively its expansive forcei 
mud obviate all elevation or rupture in the overlying rocks. 

If we conceive a third eruptive vent g to be prixlueed bjr 
the subsequent efforts of the expansive force of C D, it is 
i;lear that the former focus abed, being interposed between 
tWQ active foci,^ each requiring a qoritinual lateral draught of 
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caloric^ will iose projportionatel^ ift its sappiy, and' conse- 
quently the iv.crea8e of its expansive force be proportionately 
lessened. The loss thus sustained may ultimately entirely 
ehedc the increase of the dxpansive force of the focus a ^ c d 
so as to give the preponderance to the forces of repression oa 
that point, and cause thecompiete extinction -oi Hie vent e. 

Sttiould, however, eith^ of the neighbouring vents f org 
be afterwards itself permanently closed by the predominance 
of the repres8iv# force, the draught of caloric may -be again 
berne towards the foc|^ a be d in sufficient' qdan^tj to prO" 
duce a renewal 6f il^ activity. 

Thus it is tkit volcanic vents are either temporarily or com- 
pletely extinguished, the draught of caloric having been 
led to take anolfai^ direction. 

BesidesthO'habitual eruptions of such vents, other avenues 
ibr tlte escape of caloric may be afforded in the more placid 
emanations of heated vapour by percolation, thermal springs, 
or even in thcf gradual transmission of caloric to the outer at-,* 
mosphere or ocean, through the superficial rocks. 

* ^.46. By these varying modes the caloric communicated ^ 
from below to the subjacent mass C D, passes outwardly. Sof, 
long as this transmission takes place in the same ratio as it 
is received, the expansive force of C D, (" general or primary 
subterranean expansive force") remains iiivariable. 

When, (as must generally be the case,, in consequence of the 
law we have already determined,) these prove inefficient for 
the purpose^ the subjacent mass G D must increase in terope-* 
tature and expansive ibrce in proportion as the^ ratio of the 
accession of caloric exceeds that of its deperdition. 

This continual increase must piaoduce repeated rupture and 
heavlngs of the overlying mass, by which the upper parts of 
the -solid lava maiss together witii the foci or liquefied parts 
they contain, as well as the hills or accumulations of erupted 
matter produced by their several vents, and the superficial 
strata of the globe through which these several vents were 
formed, will be progressively more or less elevated. 

* Itthus become^ necessary to distinguish between these ex* 
pansioiis of the inferior strata of the general mass of hdated 
subterranean rock, brought on by its continual increase of 
temperature, from receiving more caloric than it can part 
with through the overlying rocksj or by means bS volcanic 
vents, and the local expansions of minor and less deeply 
seated foci. Both occasion ilie same external phenomena; 
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lri2« earthquakes,* the elevation of overlying roeks^ the for- 
mation of veins, injected and contemporaneous, as well as 
external eruptions of dilated matter on the surface of the 
earth, these effects differing only in the energy of their deve* 
lopment, which is proportioned to the tension, and conse- 
quently to the deptn or the expansive force which produces 
them. The first may be distinguished as the general^ or pri- 
mary subterranean expansive force* The second as locate Qt 
secondary forces* 

These secondary expansions, when in sufficiently constant 
activity, maj check and prevent the development of the infe- 
rior primary force, bj conveying away the caloric as fast as it 
emanates from the interior of the globe ; and in general, the 
activity of the primary force of general expansion will be in* 
versely proportionate' to that of the secondary, in the same 
part of the globe. 

This is a conclusion, to which we shall have occasion to 
revert hereafter. 

S. 47. The laws which have been thus far investigated, and. 
which appear necessarily to determine the apparently irre- 
gular ana unequal developments of volcanic energy, (under 
our hypothesis), hold equally good, whatever be the scale of 
maffnitude upon which these phenomena are developed. 

The slight and scarcely perceptible tremors which precede 
any insignificant eruption of an habitually active volcano, are 
produced by the same effort of subterranean expansion, which, 
acting on a larger scale, from a focus at a greater depth, and 
in opposition to infinitely more powerful forces of resistance, 
occasions those tremendous vibrations of the crust of the 
earth which extend across a quarter of the globe, spreading 
ruin and desolation upon their track ; and to whose successive 
developments, the elevation of continents above the level of 
the ocean, and that of most mountain chains above the average 
level of the continents, must perhaps be attributed. 

* ** Werner dbtinguished two classes of Earthquakes i 

1. Those which are locally connected with some active volcano, are 
felt only within a radius of some miles from it, and usually cor- 
respond in time with the paroxysms of the mountain* 

S. Those which seem to have their focus at a far greater depth, of 
which the effects are on a much larger scale, and which are pro- 
pagated with vast celerity to an immense distance, often of some 
thousand miles.**— 

DauhidnoH Enai de Gc9gnQ9ie, torn. 1. 

£ 



W General Injhienet of the preceding Laws. 

The sdnie ckss of circmnstanees which, in an habitnallj 
active volcano, repress the volcanic energy of the snbterraneaii 
heal Jbcus^ and put a stop to its outward eruption for a few 
hours, will, when carried to excess, create a quiescent inter- 
val of many centuries. In the same manner as a narrow fis- 
sure may be obstructed by the congelation of the vein of lava 
it contains, or by the accumulation of loose fragments above 
it, and the local expansive force of the lava below checked 
for a time, and forced at length to breakout bjr another issue : 
the accumulation of similar obstructions, of greater magni- 
tude, and during a longer period of eruption, may, and with- 
out doubt does m reality, check the general expansive force 
of tha subterranean caloric for intervals of immense duration, 
and forces it at length to find an issue in some other direction, 
at a superficial distance perhaps of hundreds of miles, the 
former vent remaining to all appearance fpr ever extinct. 

But in order to expose with greater clearness this universal 
identity in the laws of volcanic action, we will, in the next 
chapter examine more at large the disposition of the solid 
and fragmentary substances produced b}' any volcano, {vent 
of subterranean caloric^) ana we shall then be enabled to 
see the manner in which their accumulation tends sooner or 
later to obstruct this issue entirely; and, therefore, since the 
expansive force cannot be for ever repressed, force it to take 
another direction. 



ii 
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CHAP. IlL 

Disposition of Volcanic Products. 



.§• L It has beea mentioned that many volcanos appear to 
have broken out from beneath rocks of all characters, primitive, 
transition, secondary, and tertiary. We are therefore at 
liberty to suppose the existence of the volcanic force in full ac- 
tivity beneath any or all these different formations, stratified 
or not Let us imagine, that after perhaps many repeated 
partial dilatations, by which the rocks above are more or less 
displaced, heaved upwards, and fractured, some fissure is, at 
length, prolonged entirely through to the outer surface, af- 
fording one or more apertures for the escape of the matters 
confined below, and a volcanic eruption takes place. 

It must be remembered that we are at present confining our 
attention to the case in which the point of eruption is sub- 
aerial ; no accumulation of water existing above it. 

The case of sub-aqueous eruptions will be considered se- 
parately. 

§. S. The eruption commences externally with violent explo- 
sions of aeriform fluids, that force their way through the aper- 
ture, driving upwards in a vertical direction fragments torn 
from its sides, in greater or less quantity, according to the in- 
coherence or solidity of the rock of which these are composed. 
These gaseous explosions will appear to increase continually 
in violence for a certain time, during which the surface of the 
subjacent lava rises up the fissure ; as it approaches the 
mouth of this vent, the volumes of aeriform fluids bursting 
from it project upwards considerable masses of liquid lava at 
a white heat, which are broken into showers by the resistance 
of the air, and being rapidly congealed as they ascend, both 
bj contact with so much colder a medium, ana by the imme- 
diate expansion and escape of the vapour to which they owed 
their liquidity, fall in the form of solid fragments (scoriae) of 

£ 2 
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various sizes and fiintastic forms. These, together with 
blocks detached from the sides of the vent, accumulate round 
the edge of the orifice, forming a circular or elliptical ridge $ 
which increases, by the continued projection and fall of fresh 
matter, into a hillock, usually of considerable magnitude, 
whose dimensions however will of course be proportioned ta 
the quantity of loose materials ejected, and this will vary 
directly witn the duratiqn df the eruption^ and inyerselj with 
the fluidity of the lava. (See p. 27.) 

The form of this hillock it is obvious will approximate to 
that of the solid generated by the revolution orf an obtuse 
scalene triangle round a perpendicular axis erected on some 
point of its base. The inner and outer slopes of this hill will 
subtend nearly the same angle to the horizon, and this angle 
will depend principally on the size of the fragments thrown 
out, and their disposition to cohere, either from the heat they 
have retained, or their cementation bj mineral substances 
deposited from vapours which may traverse them, rising ironi 
below. The bill thus formed around an orifice of eruption 
is properly called a Volcanic cone^ from its having usually* 
more or less the figure of a truncated cone. The cavity it cir-* 
cumscribes, and whose form will approach to that of an in- 
verted cone, or funnel, is the crater. Its diameter will depend 
principally on the size of the vent, which will be proportion- 
ate to the violence of the eruptions ; that is, to the explosive 
energy which is developed in fixed times. 

The depth of the crater, when perfect, will be determined 
by the ratio of the diameter to the quantity of ejected matter; 
but many causes, as we shall see hereafter, tend to fill up the 
crater, besides the obvious one consisting in the constant 
dilapidation of the loose substances composing its sides, and 
it will therefore seldom retain this regularity of form.' 

The circular line or edge in which the inner and outer slopes 
of the cone meet, may be with propriety called the ridge^ or 
circumference of the crater. 

^.3. The form of a volcanic cone which, under the most 
favorable circumstances, approaches, as we have seen, to a 
truncated cone containing a funnel-shaped concavity, will be 
almost always variously modified by one or more or the fol- 
lowing disturbing causes : 

1. The vent of eruption produced by the sudden disruption 
df the solid rocks overlying the volcanic foicus will, in 
almost every case, have more or less the form of a fis^ 



iure, tbat t8, have one of its horisontal dimensions 
iDUch greater than the other ; and though the volumes 
of elastic fluids evolved from below, tend, to assume a 
spherical form io their escape, yet they must he forced 
to conform in* a degree to the shape of the aperture 
throujgh which they struggle upwards ; while, in their 
turn, by widening the vent, they tend to reduce its 
figure to the cylindrical. The necessary resqlt of t^iis 
mutual interference is, that the cone of scorite thrown 
mp around the vblcaoic p()ening will be somewhat ellip- 
tical ; its longest axis coinciding with the direction of 
the longest dimension of the vent. When the length 
of the fissure is considerable in comparison to its width, 
the gaseous explosions will escape upon more than one 
point; and tend to produce as many cones : which will 
really be the result when these points, or venlsy are so 
far removed from each other that their spheres of pro* 
jection do not interfere. 

When they are on the contrary so near that their spheres of 
prmection cut one another, the hillocks produced will be more 
or less irregular, in proportion to the degree in which the 
ejections of each vent are mingled. The extreme proximity 
lof many vents tends to produce a long ridgy hill, in which all 
tesenblance to a regular cone is lost.* 

. - .. I -^ ■ ' 

. * A fine field exbts for the study of the varieties of figure assumed by 
the hillocks of scoria thrown up by single eruptions, and of the circum- 
stances to which they owe their numerous modifications, in the ci-devant 
Freneh provinces of Auvergne, the Velay, aiid the Vivarais. The chaine 
des Pays, near Clermont, (Oept, JPuy de Dome,) oflTerti above 60 volpanic 
cones strung together on nearly the same line, ^d reaching about 12 miles 
in length ; and 9gatn, in the continuation of the ^me chain through the 
provinces of the V elay ^nd Vivarais, upwards of ^00 similar cones are 
closely scattered upon a narrpw band scarcely 20 miles in length. From 
amongst this great number) many examples may be observed of compound 
cones, eviddntly thrown up from two, three, four or many more points of 
explosion on.the same. fissure.. That these eruptions were simultaneous, is 
in many instances attested by the circumstance that the matter projected 
from each of^nj two proximate vents had an ei^ual effect in disturbing the 
regular dispoMtion of those thrown up by the pjther. When, on the con* 
trary, eruptions from proximate vents have been cpi]usecutive,. the cone pro- 
duced by the last eruption will appear to have been superadded to that 
thrown up by the first, and will itself remain entire and yndi^turbed. 
. And examples of this occurrence are equally frequent. 
. In the Chaine des Puys^ the Puyde Montchar, the groupe of the Puy de 
la Rodde, and that of the Puys Noir, de la Vacl^e^ an4 oe las Solas, may 
he instanced as compound hills, ci|ch ihro^a up, contemporaneously, h^ 
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9. A second distarbiDf^ caaae exists ia the icqidatttal un- 
evennesB of the gromid sttrnomiduig tlie. newHj npoD 
which the ejected fragments / fidl and aommulate. 
Whatever slope or irregularityofsiurlajce occurs within 
this space, the form of the oobo raised upon it mast of 
course be proportionately modified by ihiil of the sub* 
stratum. 

3. Violent winds prevailing in any one*direction during the 
eruption will cause the ejected fragments to fall most 

SlentifuUv to, leeward of the vent. According to M. 
[oreau de Jonn^s the fragmentary matters thrown up 
by the volcanos of the leeward isles have accumulated 



three different, but neighbouring vents.* The row of heights extending 
northwards from the base of the Puy de liouchadiene affi»rds an sample of 
a ridgy string of cones produced from v^ots so dose as to confound their 
ejections, but still sufficiently removed for each cone to retain a certain de- 
degree of regularity towards its centre, by which its individuality can be 
•recognised. The Puy de Laschamp is a long narrow-backed ridge (such 
as the Italians appropriately call schiena d* asino) evidently thrown up bj 
the simultaneous action of numerous vents on the same fissure so close (i 
each other th^t their products are completely confounded. Traces rem^tia 
on this hill of two craters only, which were consequently the latest in erup- 
tion. 

It is remarkable that the long axis of this ridge and of the other groufs 
mentioned above, as well as those of the neighbouring isolated cones, wfiis^ 
-of which are more or less elliptical, have universally the same direction witb 
,the general chain of which they form a part; and which, as we shall see 
hereafter, probably attest the direction of tiie original or primary iissarei 
in which the overlying rocks first yielded to the general and deepest force 
of expansion. Parallel examples misht be quoted in great numbers from 
the chain of the Velay, but that, besioes beins unnecessarv, few of thehilk 
of this district are distinguished by name ; and ihef boUi ue^lesi ia the my 
of examination than those of Auvergne, and are abo less necent and fresh^ 
appearing to have lost more of thfeir original form by subsequent denudatioa. 
The sides of Vesuvius afford an instance of the production of five smalt 
cooes on the same fissure immediately above Torre del Ghreco. They were 
created successively by the eruption which destroyed a part of that town ia 
1794. In fact all the parasitical cones thrown up by lateral eruptions oa 
^the flank of a volcanic mountain are of this simple character, and usually of 
an elliptical form. 

In the Prussian province of the Eiffel on the left bank of Jtho Rhine are 
a considerable number of cones presenting very similar features to thos^ of 
Auvergne, and open to the same remark. 

In the island of Lancerote many such were thrown up by the terrific 
eruption of 1730, described by Von Buch, upon a straight line crossii^the 
whole island. This chain of cones is represented as exactly analasrous to 
that of Auvergne. At JoruUo, in Mexico, six cones were produced upoQ 
a line of this coaractcr by an eruption in 1759. (See Appendix.) 

* Sec Plate I. (opposite the Title-page.) 
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in much greater qn&otitiet to the mstwitrd of tke Tnits 
than on the oprposile side, eviitently from the inflnvBC* 
of the trade, or constant east winde IhstpredoBitnatcin 
those sesB ; and this ofoservation, wbicn, if correct in 
this case, may be extended to the dispontion of the 
fragmetnsr; proAaets of all the inter-tropical vohmiOB 
of every ag«, will perhaps be found tofaave e:rarted no 
' ' slight influeoce on tlie geology of these ngions. 

4. The liae Of projecttoR may by 6otte e^lid impediment he 
forced to swerve from the vttrtical, and a similar result 
would be produced to that of the last-mentioned 

It is otving to the almost universal occurrence of some of 
the three last disturbing causes, that in volcanic cones of great 



• The Puj de GhopiBc, ne»r Clemiont. remirlnblyeieinp1i6e« thUcir- 
eamst&nce — Ad enormous mass cousistiDg of pre-exist'ia^ rocks (mostly 
graoite) appears here to have been heaved upwards bj the first efforts of the 
eruptive lurce, and lodged in such a manuer ud its edge as completely to 
pverbaae the spot where the veat seems to have existed. CoDsequeatl^t the 

S'ected fragmeuts have falleu and accumulated only on the opposite side of 
e orifice of eruption, so as to form a wmicirciilar ridge called the Puy 
de la Oontte. 

Fig. 10. 
Scorix Bauit Graniie Truhyte 



This ridge 'half encloses the eitraordinary rock by which the dispersion 
of icoriK in other directions was impeded, and which goes by the name "of 
tiie Poy Chopine. The visible alteration of the Traoite close to the 
vent vas obviously produced by its long exposare to ue heated and acid 
vapours etnaoating from thence- The great vertical bed of trachyte 
which backs the rock on the opposite side, apparently rested upon the 
granite previous te the eruption) and the probahility of this idea is 
Strengthened by the fact, that rocks of trachyte are visible in »tu on matiy 
points of the plain around the Puy Choptne, and attest the exis* 
widely-^rndiDC b<d bencaDi the scOrue that cevar its surbce. 



Tt Discharge of Lava Curreni. 

Ttegttlaitty in otlielr respects, the ridge seldom er nei^erpre- 
serves ai tmiform height thoughoot its whole circuit, but ge« 
nerally rises on one or more points above the remaining part. 
Hence those bosses which frequently show themselves on one 
or on opposite sides of the cone, and which from die gradual 
depression of the intermediate parts of the ridge communicate 
to the profile of the hill that saddle-shaped outline which has 
been often remarked as characteristic of volcanic mountains, 

5. The last and principal cause which tends to disturb the 
regular accumulation of fragmentary substances aroand 
a volcanic vent, consists in the emission of liquid lava 
en masse from the same orifice. It has been already 
observed that the intumescence produced in the lava 
immediately below the vent, by the sudden reduction 
of the pressure it previously endured, must elevate it 
to the lips of the fissure, if the predominance of the 
expansive continues a sufficient time ; and may often 
impel it, in greater or less quantity, on the outer sur- 
face of the earth, according {o its fluidity, and the cour 
tinuation of the intumescence. 

But in all cases, the discharge of lava en masse fi-om the 
orifice of eruption must be preceded, for a certain time, by 
that of scoriae and other fragmentary matter projected up* 
wards by the rapid risa and expansion of the escaping^ steam. 

Hence, before the column of lava can be elevated to the 
opening of the vent, this orifice must have been already sur^ 
rounded by the accumulation of these fragmentary matters 
into a volcanic cone of a certain size. The liquid lava, theref 
fore, on rising from the orifice, will occupy the cavity of the 
cratevy surroilinded by thig bank of ejected fragments, and its 
level must be still further elevated more or less within this 
encircling barrier before it can escape laterally. 

But since this barrier consists solely of incoherent materials, 
one of its edges will frequently yield to the lateral pressure 
pf the body of lava occupying the crater, which. instantly 
rushes out in torrents through the breach. Sometimes the 
whole side of the cone is, in this manner, broken dpwn to the 
level of its foundation by the escaping lava, and the remain- 
ing segment loses proportionately in the regularity of its 
figure. In other instances the breach has jnot proceeded so 
far in depth; and only a part of the upper circumference hais 
been carried away, producing a sort of notch in the ridge of 
the cone. Not unfrequently the walls of the crater appear to 
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liave been so solid, owing to the acnteness of the angle oC 
their risey or other caoses, as to resist completely the pres- 
sure of the interior mass of lava: which could then onljr es*. 
eape.bj rising to the level of the lowest part of the ridg^, and 
pouring thence over the lip of the crater ; like any liquid 
overflowing the sides of its containing vessel.* The peculiar 
conduct of the lava in the first of these cases, it is obvious, 
chiefly influences ihAJigure of the volcanic cone, breaking 
down and carrying away one of .its sides. In the other cases, 
it modifies the composition and structure, as well as form, of 
the hillock ; for the lava, escaping from the crater either by 
a shallow breach, or over the lowest lip of its circumference, 
flows down the outer slope of the hill ; and a considerable 
part of it, congealing and consolidating in this descent, re- 
mains fixed there as a solid and rocky prop or rib to the frag- 
mentary cone ; by which its general solidity and resistance to 
subsequent causes of destruction is materially augmented. 

The residuum of lava left within the cavity of the cone, 
and which congeals superficially, so soon as the diminished 
energy of the expansive process checks the further protru- 
siod of any fresh lava over the lip of the crater, has the same 
effect. 

But it has been seen above that the expulsion of lava from* 
a volcanic orifice attests the crisis of the eruption, occurring 
during its period of greatest energy, and that this emission 
tends rapidly to weaken the forces of eruption, and bring on 
the decline and finally the termination of their outward acti- 
vity. It has been also observed that after the lava has ceased 
to be propelled, (he ejections of scoriae, and other fragmentary 
matters, must usuall^ still continue for a certain time, with 
^a progressive diminution of violence, previous to the final 
cessation of the eruption* 

It might, therefore, be expected whenever the expulsion of 
lava in currents had broken down or otherwise degraded a 
volcanic cone, ^hat these subsequent ejections would repair 
it, and somewhat restore the regularity of its figure. This 



* Instsnces of these different mpdes of procedure are numerous, parti- 
cularly among t]ie cones of Auvergne and the Velay. The Puts de la 
Yache, las S0I98, Yichatel, Mpngy, and Chaumont, are remarkable exam- 
ples of the first case.— ^Le Puy ISoir, and Louchadiere, near Clermont, of 
Tariaret near Murol, of la coupe d*Ayzae in the Yivarais, &c., of the se- 
cond .—-Graveneire and Nug^re amon^t the Chaine des Puys, and many of 
the volcanic cones of the Prussian frontier of the Eiffel, of the third: (See 
]Pli|te I* Frontispiece, fig. ).) 



f4 New Came tknmit vpt^ter the. Idna itat jtopped. 

xtMyhe thoafht indeedtohave been very frcqaeslly Ibe cm*, 
frttm tin nomeroiK inrtaiKes remaining of tolenibly ra^lai 
cones, from the foot of whiuh lava currente appear to bare 
issued. In tfatse casts it isCTident tbat the coses were thrown 
up after the eiaissioii of the lava, aud consequently ooncesl iti 
Source,* ■ 

' Occaflionally it is easy to distin^ih the products of thtM 
subseouent ejectiona from those of the earlier esploBiena that 
preceaed the emisiioii of lara.t 

Frequently, however, the cone remaios in ha Iweached and 



' * I narj qaote u esAmpies af tb» common oecHrmcc the Pu^i da 
Petit Dome, De Come, Pourcharet, Moatchal, Moa^ugbat, Lamoreao. 
Uid Chaumout, near Clerinout. — A great proportiou of the volcanic bilk 
of the Velai are of this character, as netl as Dianr ef the parasitical coaei 
Occurring on the Sanks of ^tna, the Peak of Teuerifie, Palma, Lanco- 
rote.aad probablj of most large volcanic mooslaiu. 

t Thas for example the Puy de Parioa (AuverEne) pKtentS the remaiu 
of the cone tbown up by the brst eiplosiuns of ihis eruption in a semicii- 
cular ridge, breached ou one side h\/ a curreal uf lava, which is seen to 
have issaud from it, and Bowed to a great dislaace over (he neighbouring 
plaia. Upon this Imperfect cone a second of Mccenive regularity was reisM 
bj the subsequent ejections. Thlw last still remains wh oil f undisturbed bj 
aaj posterior emiKioa of lava, and coat^uiu aa elliptical crater of cobu- 
derable depth aud grtiat beauty. 

See the plan amTseclionof tJie Puy Pariou, figs. II and 19. 




iflipi^feet state, f^rmagthe frag ipMtary e^ti<ni« svlttiBiqiient 
to 4he ezpulsion of the lava to have been ineensiderable.* 

This apparent asamaly may probably be occasioned 
by ibe weight and rapid congelation of the lava produced in 
the intevi#r of the crater urboily repressing the disengagement 
.of the elastic fluids, and putting a stop to the eruption soon 
after its energy begp^n to diminish. But in many instances 
there is reason to suspect that the latest gaseous explosions 
found a vent from some other proximate point of the original 
fissul^ ; that by which the lava issued being choked op, by its 
abundance, the consolidation of its surface, and the weight of 
fragments previously ejected. In this case a subsidiary cone 
will have been produced in the vicinity of the former one, 
and will be distinguishable from the hitter by its undisturbed 
form, and the absence of a lava cCirrent. These latter cases 
are ob% iously most likely to occur where the lava has filled 
the crater without breaking down any part of its circumfer- 
ence, since the repressive force, occasioned by the weight of 
the mass obstructing the vent, is then at its maximum. I^ 
notwithstanding this, any explosions of vapour take place 
after the lava h^s ceased flowing, the residuum which occu^ 
pied the crater will be blown info the air, its frao:ments scat*> 
tered on the outside of the cone, and a cavity worked out 
through the axis of the cone, the sides of which will be pro>- 
bably steeper than those of an ordinary crater; and in liea 
ef the shelving talus of loose scoriae will present a^circular 
wall of dislocated lava rocks.f 

*^. 4. Having thus far examined the varieties of form inct*- 
dent to a simple vokantc cone, or, ^^ Hill produced by the 
ejection of fragmentary matter by a single eruption,"—* it rOi- 
raains to observe upon its character of composition and internal 
structure. It will evidently have the aspect of a conglome* 
rate consisting of the loo»e substances thrown out. 

These are of various kinds, and may be classed in the fol- 
lowing manner, viz. 



* £. r. Pays de las Solas Vache, Noir, Louchardiere, &€. (See 

Plate I* fig. 1.) 

f This appearance is frequent among the \'olcanic cones which stud the 
elevated mountain range that separate the Vailey of the AHier from that of 
the Loire, towards the source of both rivers, in the Department dela Haute 
Jioire. 

)t is observable also ia some of the cones of the EififeL 



79 Se^ricB^^fatr VarktieM 

' 1. Se&nm, or portions of lava torn from tik» turliice of 

internal column by the exploding vapoar, in a still 
liquid state, and consolidated rapidly bjr the sudden 
diminution of pressure they sustain on being launched 
into so rare a medium as the air; owing to which they 
are instantly and violently inflated by the expansion 
of the elastic fluids they contain, and rendered more 
or less vesicular* The greater part of their caloric is 
absorbed by the vapours thus expanded, and the re* 
mainder is rapidly parted with by radiation: to the 
cooler atmosphere, through which these masses are 
driven; and thus, though they are seen to be pro- 
jected in an incandescent and semifluid state, they 
quickly lose their brightness as they ascend, and fall to 
the earth in the shape of spongiform and tattered frag- 
ments, which are often vulgarly called volcanic cinders^ 
from their resemblance to the scoris of our furnaces. 

. When the lava is possessed of any considerable degree of 
liquidity, in which case it always becomes proportionately 
ductile and glutinous, these fragments frequently assume a 
diversity of irregular forms, more or less fantastic, and occa- 
sionally pseudomorphous. Among the latter may be men- 
tioned those of twisted cables, branches of trees, stalactites, 
and in particular pear-shaped or almond-shaped nodules. 
These last owe their figure to the violence* of their projec- 
tion in a liquid state ; the resistance of the air, and their sud^ 
den and superficial condensation, impeding the expansion 
and escape of their confined vapour, and moulditig them idto 
a somewnat globular form, by the same effect which produces 
patent shot in our manufactories. 

These rounded drops, or bombs, (Bombes^ larmef vokay 
niqucs) oflen contain in their nucleus a fragment of $ome pre? 
existent rock enveloped by a coating of lava ; the fragment, 
having apparently fallen into the bath of liquid matter from 
the sides of the fissure of eruption, was projected into tb^ 
air by the next explosion. The ordinary scoriae thrown up 
by a volcanic vent usually bear an exact resemblance to 
those which form on the surfhce of the current ^f lava 
produced , by the same eruption, at any distance from its 
'source. But the most striking of these imitative forms, par- 
ticularly the pear or bomb-shaped, can only be assumed by 
masses of lava projected liquid to a considerable height ir| 
the air; consequently the occurrence of a number of these upoq 



d^ermined hj^ the JAquidiijf^ ft 

My point proves it to haye been the site of a voleanie vent ; 
and this indication, of unqtiestionable evidence, may afford a 
very serviceable assistance towards recognising the situation 
of extinct volcanic vents, where their products have suffered 
much degradation from time or outward injury. 

These nodular bombs being. generally more solid than the 
lighter cellular scori«9 resist the wasting influence of the wea- 
ther and other agents of destruction, much longer and more 
effectually ; and hence, it is not unfrequently the case, that, in 
districts of ancient volcanization, the site of an active vent^ 
and consequently the source of a current of lava, may be re- 
cognized with absolute certainty when scarcely any thing 
remains of its original cone.* 

The structure and external shape of the ejected scorice is 
influenced chiefly by the liquidity of the lava and its specific 
gravity, as well as by.its temperature, the force of projection, 
and the density and temperature of the external medium into 
which it is thrown up. 

An excessive liquidity joined to a low specific gravity, 
produces a viscous or glutinous consistence, and the scorim 
are drawn out into long vitreous filaments; or are inflated 
by the production of vesicles separated by thin glassy walls : 
the bubbles of vapour remaining confined within the mass, 
whose outer surface congeals with great rapidity into a thin 
but close crust that effectually impedes their escape. (Pomice, 
scorias of glassy lavas, &c.) The same degree of liquidity 
joined to a high specific gravity, gives rise to a largely cellu- 
lar or cavernous structure ; thicK, solid, and fine granular 
walk separating the cavities; the greater part of the expanded 
vapour having effected its escape. (Basaltic scoriae.) 

An inferior degree of liquidity gives a massive, rough and 
fractured aspect to the ejiected scoriae, which contain only 
small, irregular, and generally angular cells; while a still 
lower liquidity altogether prevents the projection of scorie : 
the intumescent lava issuing alone from the orifice of erup- 
tion, and still inclosing all the vapour that has been developed 
from the water which it contained in a solid state. 

Since the circumstances of temperature and external pres- 



* The dhninative tttmulm at the soarce of the current ef basalt at 
Pradelles, on the right hand of the road from Clermont to Pon^ibaat, 
near la Barraque, is an instance in point ; and there are manv similar ones 
in Auver^e, where the numerous volcanic products of different ages 
exhibit repeated examples of every possible gradation of the destrojang 
frocc«. 



n and Mfneraf Characters qfihe Lm>a. 

torn that luseoni paAV the coif«0lid&tioii of scorie or any ot!ie# 
mperfieial macis of lava congeal^ by suddeif exposare to the 
air, can saldoni Tar^ to any very influential extent, the H- 
quidity of the lava tn this condition will depend entirely on 
the comminution of its crystalline particles ; and it may be 
therefore assumed as a general axiom, that the size and regu- 
larity of the air-hubbles will vary directly with the fineness 
of grain ; while, on the other hand, the escape of the bubbles 
formed depending upon the specific gravity of the lava, the 

Siantity of such cells remaining will vary inversely with this 
aracter. 
, From these observations it is seen at once, that the external 
structure of scoriae must difier according to their mineral com^ 
position, since their specific gravity varies with it. And in 
reality we observe the scoriae of felspathic, or light lavas, 
are highly vesicular or filamentous, (Pomice.) 
> Those of the heavy, or ba$taitic lavas, are proportionately 
solid, compact, and dense, with fewer or at least smaller 
pores, in direct proportion to their weight. 
' The fine glassy threads produced by the explosive escape 
of vapour from the felspathie lavas, when disintegrated to a 
degree of comminution amounting, or nearly so, to a complete 
fusion, sometimes, though rarely, descend in this form, re- 
sembling delicate spun glass. (Isle of Bourbon.) 
< In general these viscous filaments are twisted and rolled 
up together, in their ascent, into balls, or irregular masses 
which imitate a tangled skein of coarse silk. (Silky filament- 
ous pomice of Lipari, Mt. Dor, &c.)* 

' On the other hand, in the heaviest or basaltic lavas^ from 
which the vapour rises and escapes in explosions, by reason 
of its very inferior specific gravity, in opposition even to an 

* The glassy coating of tho air-bubbles of the coarser aad heavier lavas 
appears to be owing in part to the rafud disintegratioA of the particles that 
form the sides of the vesicles by the frictioa of the movuig bubble and its 
expansion ; and perhaps, also, in great part, to such an arrangement of the 
minute crystalline particles that tney present their flat surfaces to the inte- 
rior. This would necessarily be eflfected by the expansive force of the con- 
fined vapour pressing upon them in the direction of the radii of the globule. 
Where ihe grain is coarse, the elasticity of the vapour had not power to 
f4ter the arrangement • of the surrounding crystals, whaeh coiisei|ueatly are 
ifound to project their sharp, and often very perfect, angles into the cavity* 
Where it was fine, it may be perceived by means of a lens, that the minute 
|:rystals ^ve usually their facets arranged in a direction tangential to the 
radii of the flobule. It is possible also that a certain, debtee jof superficial 
Aision may have been produced in the lining of' these cells by thehei* 
transmitted to it from the proximate parts of ue lava. 
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iinperfistt liqmHitf oeeafiMied by gteftt eotneiiess 
afgrain, and perhaps a.lowerleniperaturey the ejected seorin 
coDsist of dense crystalline fragments, ragged and scoriform^ 
hut containing few or no cells, winch t^ing triturated by 
their mutual percussion as tbej ascend, give rise to show* 
ers of isolated and often very perfect crystals of augtte op 
leucite. (Stromboli, Monti Rossi on i£tna, Monte Albanoy 
&c.) 

The scorisB, of all kinds, are also more or less broken^ 
comminuted, and even pulverized, by the mutual friction 
tiiey exert on one another in the air, and particularly by the 
repeated projections to which many fragments are subjected, 
falling directly back, or rolling down the slope of the crater 
into the vent, to be again thrown out by the next explostim ; * 
consequently they are found in fragments of all siees. 
' When the average vol umie is snmll, the conglomerate is 
called Lopilloj or Potzolana^ according as it consrsts of 
felspathic, or augitic lava. When the trituration has pro>* 
ceeded still further, its result goes by the name of voleanie 
sandj or ultimately ashes. 

II. The second class of fragmentary substances ejected 
from a volcanic vent by an eruption, and which enter 
into the composition of the cone produced, consist of 
fragments torn from the sides of the fissure of eruptioa 
by the expansive force of the aeriform explosions. 

The rocks through which the fissure was broken, and con-* 
sequently their fragments, maybe of any nature, primitive, 
secondary, or tertiary ; and even of a great variety of cha- 
racters, belonging* to different strata across which the vent 
was forced. 

Thus the volcanic cones of the Auvergne and Velais, which 
are based upon what are commonly cdWeA primitive rock^, in va- 
riably contain numerous fragments of granite, gneiss, and mica 
schist; as well as of limestone when the vent opened withiit 
the limits of the freshwater limestone basin of the Limagne. 

In the Eiffel, the fragments derive' from the supporting 
formation of Grey-wack£ slate. 

. Those ejected by Vesuvius, are sometimes of granite or 
gneiss, much more frequently of secondary limestone, and 
occasionally of tertiary sandstone, or marls, replete with 
shells — the occurrence of these latter fragments is the more 
remarkable, because this formation, with the exception, of 
one Stmall spot in the islfi of Iscfaia,. does not sbow! itself out- 
wardly any where nearer than the vicinity of-Rom^. 
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The contSfluanee of the same formation beneath the volca* 
nic products of the Western coast of Italj is thus proved bj 
these accidental fragments. 

^ Such fragments of pre««xistent rocks almost always b^ar 
signs of having suffered a certain degree of alteration, during 
or previous to their eructation from the volcanic vent. Many, 
as has been already mentioned, are found encrusted with 
lava — others are partially fused on the exterior or throughout; 
the elements of some appear even to have entered into new 
combinations after their decomposition by the volcanic beat. 

' Some volcanic conglomerates contain numerous fragments 
of rocks differing entirely from any yet discovered in situ on* 
the surface of the earth, and containing many minerals never 
observed elsewhere. (Somma, Monte Albano, Monti Cimini,) 
lake of Laach, &c.* » 

The proportion of this second class of fragments to the 
former (scorie) in a volcanic conglomerate, must defiend 
considerably on the solidity of the pre-existent strata through 
which the eruption broke forth. When these are composed 



* It is never doubted that these fragmeDts were torn from pre-existing 
strata through which the volcanic vent was forced ; but it is not generally 
agreed upon by geologists, whether, Istly, these strata are of the ordinary 
kinds, secondary and primitive limestones, gneiss, granite, &c. and that 
their fragments have been altered by exposure, perhaps for a long pe- 
riod, to the volcamc heat communicated by the neighbouring lava, and 
perhaps to other modes of influence, by which their elements may have 
been aecomposed, to be re-aggregated a^ain in different proportions, &c. ; 
or, Sdly, that the strata broken through by the eruptions are uniformly of 
this anomalous character, and different from those that sh^w themselves 
any where in situ on the surface of the earth. The latter opinion presents' 
a striking improbability, while the former is unopposed by any argumentr' 
and is rendered highly credible by other analogous observations— such is 
the change in situ of secondary limestones to crystalline dolomite by con- 
tact with volcanic lava rocks, already observed in the Tyrol, Scotland, 
Ireland, Ponza, and other points, and particularly by the appearances pte- 
sented in a great number oi fragments of ancient Isva currents viiiicb w«re 
ejected by &e great eruption in October,- ISI^S* These were evidently of, 
Augitic oasalt, similar to those which compose the greater part iof the 
mountain ; but this rock seemed, in these fragments, to have su^red a 
high degree of torrefaction, probably by long continued exposure in the 
vicinity of the main vent to the volumes of intensely heated lava by which 
it had been long filled. Parts of these rocks were fused into a nasaltie 
obsidian ; on some points the leucites alone were fused ; in others they 
were rendered carious or had entirely disappeared, their cavities being oc-, 
cnpied or coated by numerous beautiful crystals of melanite, and by deli- 
cate acicular crystals of an unknown mineral wkich had evidently been 
formed from some of the elements of the leucites subsequent to the coitto- 
lidation of the rock. 



/ 
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of ^raiute, liBdeBtone, or other compact roQk&, the q^uantity of 
their fragments broken from the sides of the fissure, and 
ejected, will be n^iturally less than in a district of schistose 
and arenaceous rocks, which are of a looser texture and more 
iragile. Many of the volcanic cones of the Eiffel^ whose 
eruptions chiefly broke through a form^atiop of grey-wackd 
slajte, are almost wholly composed of fragments of this rock, 
more or less calcined, never fused. Their proportion to those 
of scoriform lava is frequently as much as nine to one, while 
among the cones of .the Au vergne based upon granite, the 
fragments of this rocl^ are very thinly scattered. Ag^in, 
pieces of mica-schist and gneiss occur more plentifully in the 
relay, these rocks being more fragile than granite. 

It is obvious that fragments of this class will very rarely 
occur amongst the ejections of the later eruptions of an 
ancient habitual vent. 

Thus, while they are found abundantly jn the conglomerates 
of Somma, they seldom or ne.ver are thrown out by Vesuvius; 
and even when this happens, they may be suspected to have 
previously formed part of some of the conglomerate strata of 
the old cone, broken up by the lateral extension of the avenue 
of eruption. 

The finest and lightest of these fragmentary ejections are 
borne upwards to a- great height by the torrent ot heated and 
aqueous v^poijirs that escape from the volcanic chimney, and 
mingled with these in thick clouds, remain suspended in the 
air for a considerable time, and are often carried to great 
distances by atmospheric, currents before they fall to the 
earth in showers of ashes. The immense friction they sustain 
is probably the cause of the great development of electricity 
that often ^cpmpanies their projection.^ 

The heavier fragments describe paths of various curvature 
in their ascent and fall according to their volume and weight, 
and the force and direction of the impulse communicated to 
them by the violence with which the elastic fluids escape from 
their isubterranean confinement. 



« I. " 



* The electrical phenomena that accompanied the eruption of Vesuvius 
in October, 1822, were singularly beautiful. From every part ef the im- 
mense cloud of ashes which hung suspended over the mountain, flashes of 
forked lightning darted contiuuailv. They proceeded in ^eatest number 
from the edges, of the doud. They did not consist, as m. the case of a 
thunderstorm, of a single zigrzag streak of )ight ; but a great many corus- 
cations of this kind appeareosuddenly to dar,t in every direction from a cen- 
tral point, forming a group of .brilUant rays resembling the thunder-bolts 
placed by the ancient artists in the hands of the cloud-compelling. Jove. 

F 



to Diskuice U> which ibejf arc ftcjfedled. 

It is evident that the i mpukive force fitcts most powerfttlly 
in the vertical direction and fron the centre of the vent-^-tm 
more the line of projection diverges from this, the less'mtist 
be its compaTative energy. Again, the divergence ef tbe 
ejected matters must diminish proportionately to the depth 
within the volcanic vent of the surface of lava irom ivhence 
the explosions burst, and on tbe contrary will be at its maxi* 
inum when this surface is highest-^that is, even with die li^ 
of the orifice. 

The height to which fragments, even of considerable vtdonMi 
and weight, are carried verticaliy by the raaximum ^ IM 
projectile force is often surprising, and conveys a strifcii>S 
impression of the powerful tension and consequent elasticity 
of the escaping fluid.* 

To account for this immense projectile force it need ouly 
be remembered, that the confinement occasioned by the walls 
of the vent, and the lateral pressure of the lava, mustcon- 
<ientrate all the explosive force of the expanding fluids into 
the direction of their escape, acting upon them exactly as the 
barrel of a gun on the gasses generated by the combustidn 
of powder in its breech. The same consideraticm explains 
the powerful efiect of the expanding vapour in .breaking 
up and enlar^ng the fissure of eruption when the surface 
of the lava is at some depth within it, just as the barrel of 
a gun bursts by the ignition of a large charge, if the length 
be out of all proportion to the bore. 

§. 5. The substance of the simple volcanic cone will there^ 
fore be a conglomerate, consisting of the fragmentary matters 
of one or both of the two classes mentioned above. This 
conglomerate will be either wholly amorphous, or composed 
of more or less distinct beds, according as the foiling sub« 
stances varied at intervals in thei^ general characters SSshfiy 
colour, mineral nature, form, &c. ; in the same manner as 
a mass of alluvial soil is distinguishable into beds by vari-^ 
ations of character in the drift matter successively deposited. 

These beds, or strata, will present a characteristic arrange- 
ment resulting necessarily from their mode of deposition. 

* 

* Vesuvius huA been seen ip vomit scerije to a hei|[ht of nearly 4000 feet* 
Cotopftzi has f rejected a nass or roek of 160O «u1mc fetft to a disteuce of 
three leagues. — La Cdndatitiney Fogfoge^ VEqtuieur, 

The same volcano sends up oecasiofiallj showers of ^va^meats to a height 
oi more thaa 6000 feet above its crater, which is it^f nearly If ,000 
feet above the level of (he sea. 



SttUctUte of Vbkanic Coni. ^ 

fh feet» if ire consider tte figure described b^r the ridg^ 
In ltd pk*6gressiVe elevation during the formation of the 
hillock (and which abstracting all causes of {irregularity ^ill 
approximate to the superficies of an inverted conical trun- 
cation), we shall find the cone is divided by it into two 
segments, the strata of which will, in the case of the inner 
i^egment^ dip inwardly, or towards the axis of theC6ne;— ^ 
in that of the exterior segment outwardly, at nearly the 
MYne angle to the horizon (which angle will Usually oscillate 
about S5^), according to the size and coherence of the doni- 
ponent fragments.* 

The planes of the strata in either case will also be parallel, 
br nearly so, to the external surface, or slope of the hfll, 
unless this has been subsequently degraded, and will have a 
circular or elliptical direction, with a degree of ctirvature 
dependent on the magnitude or the cone and their respective 
distances from its axis— that is from the vent of ek-ifption. 

Fig. 13. 




Such a peculiar mode of arrangement eminently distin- 
guishes those stratified conglomerates that were deposited in 
this n^anner as part of a volcanic cone, from fragmentary 
strata of any other origin, volcanic or not ; and this conside- 
ration becomes of great service in the examination of extinct 
volcanic regions, where the cones have been much degraded 
by subsequent mechanical injury. Even where all regularity 
of external figure is wholly lost, and perhaps only a fragment 
of the [former hill remains, still the internal structure will 
often be sufiicient not only to disclose its original character, 
but to point out the exact position of the vent from which it 



* TI19 promontory called CcjpcMfa' Miwno^ near Naples, presents a natu- 
ral section, effected by the erosion of the sea-waves, of a simple volcanic 
cone, one of those thrown up from the numerous vents of the Phlegrsan 
fields. The structure and stratification of this cone is precisely such as 
would be expected from the reasons in the text. 

F 2 
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wa» thrown up, and consequently the source of the neighbour- 
ing currents of lava, and the oirection of the subterranean 
fissure ; facts of considerable geological importance in the 
study of such, districts. 

It must however be remembered, that the disturbing causes 
enumerated above, as modifying the outward figure of a voI« 
canic cone, have an equal influence on its internal structure. 
All the varieties of dip, direction^ and comparative thickness, 
that cannot fail to be produced in its conglomemte beds by 
these several circumstances, will be made obvious by the sim- 
ple consideration that the disposition of the different strata 
coincides with- that of the superficies of the cone during the 
successive instants of its gradual increase — the one must, 
therefore, have always varied with the other. 

When any quantity of lava was protruded from the. vent io 
a liquid form, this circumstance will have influenced, not 
merely the form and structure, but the composition also of the 
cone, producing upon consolidation a hard lithoidal rock, 
whose disposition either — Firstly, as an integrant part of the 
cone ; or-^Secondly, upoii the pre-existing surface of the 
soil, without the limits of this hillock, must be determined by 
causes, the nature of which it will be our present object to 
examine. 



Mineral CharacUr* of Vcicamc Lavas, 



CHAP. IV. 

Conduct of Lava when protruded on the Surface of 

the Earth. 
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§. I. Before we enter on this investigation it may be at 
well to premise a few general remarks on the mineral charac* 
ters of the different rocks which are recognised to have been 
produced as lavas from the interior of the earth, for the pur- 
pose of facilitatiog the illustration of the laws relating to 
their conduct which m^y be deduced from our theory. 

The principal constituent minerals of these rocks are fel» 
spar, augite, and titaniferous iron; and thej are usually 
classed by mineralogists into two great families, according to 
the prevalence pf the first, or the two latter of these minerals ; 
or cf their equivalents. 

Those volcanic rocks which are composed almost entirely 
of Mspar, with occasionally some crvstals of quartz, and 
more frequently ot mica (augite and titaniferous iron being 
either wholly absent, or not appearing in any greater pro- 
portion than five or six per cent.), are denominated trachyte. 

Common trachyte has generally a coarse granitoidal grain; 
and a harshness of texture, owing to its porosity and the 
irregular disposition of its component crystals. When the 
crystals, or at least the largest of them, lie in parallel planes. 
so as to give a laminar or slaty structure, the rock is called 
Phonolite, or Clinkstone. 

When the grain is very fine and compact, but at the same 
time irregular and unequal, it is called Trachytic Porphyry ; 
whep this fineness of grain is joined to a scaly structure — 
Compact Felspar. When the crystalline particles have been 
comminuted nearly or quite to the extremest degree, so as to 
give either a resinous or glassy texture to the rock, it is dfn 
nominated Pitchstone and Obsidian. 
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On the contrary, where either augite or titaniferous iron, 
or both, occur in so large a proportion as to give their general 
characters of colour and weight to the rock, it is termed 
basalt. In this rock olivine usually makes its appearance, 
and the felspar is occasionally replaced by leucite, and the 
common augite by hornblende (hemi-prismatic augite-r 
Jameson)^ in very rare instances by hauyne. 

Those basalts in which the grain is extremely coarse, ap- 
pearing to consist solely of visible crystals of augite, ar$ 
termed Dolerite. When hornblende is substituted in this 
ooarse miKtHre lor aiig^e, th^ rock is called €rfe§nHoi»* 

The finer grained compounds of either sort are named 
Common Basalt. When the structure is slaty, from the paral- 
lelism of the crystals either of felspar or augite, it takes the 
name of Basaltic Clinkstone. When reduced by extreme 
disintegration to a glass, it has been called Gallinace or 
Basaltic Obsidian.* 

Now the specific gravity of felspar is to that of augite^ h^tfy^ 
blende, and titaniferous iron, the other principal cojastUueotft 
of these rocks, in the average proportion of four to five. Coi^* 
sequently the specific gravity of a lava will vary directly witti 
the proportion in which it contiains )tbe heavier miju^eral^ 
augite, hornblende^ or titaniferous iron^ which probably owe 
tlieir superior weight to the quantity of iron that enters int^ 
their composition — and the two principal classes of lavas;, thci 
felspathic and ferruginous, producing severally on consoli'* 
dation trachyte or basalt, might witn proprleij be 4ifitia-v 
guish,ed as the light and the Aeav^er lavas. 

The Jluidity of a lava, or the facilUy with which, it mov^ 
in any or all directions in obedience to the impulse bfits.owa 
gravitating force, is compounded of its liquidity, or theoiobi* 
Jity of its parts, and its specific gravity. 

Consequently, with an equal degree of liquidity, the fluidity 
of any lava will vary with the proportion of the heavier o? 
ferruginous minerals in its composition. 
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* I am of opimion that it would be found useivl to institiite a tbirdaod 
intermediate dass of rocks, ivhich should iiiclu4^ thOs» f^onp^Qltfift ^ 
7f htch the proportions of felspar ai^d th^ ferru^goiis minerils, a^ so 
nearly balanced that the geoeral aspect of the rpck is neither entirjely fel- 
spathic nor ferruginous^ and that it appeals to have an equal ri^nt to 
belong to either class. These rocks might b^ called gre^fstone; their pre- 
Kailing and I believe constant colour being some shade of grey. This cl>^ 
nrould nearly cornespond to the tephrine of de la Metherie aad Cuvier, ^^ 
would include ma;iy clinkstones. The lava of Yolvic, ai^d that yseftH^ 
building stone at Mont Dor les BainS) may be given as examples of i^ 
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But the liquidity of a lava under the saiua circumstancea 
gf pressure and temperature varies as we have seen (p. 27) 
witE the averajee comminution of its crystalline molecules. 
Hence lavas of the same mineral q|Uality and therefore of 
eq,ttal specific gravities^ when produced under similar circum- 
staiites of temperature and pressure^ will possess a degree of 
^idity^ inversely proportionate to the size of their grain* 
And, vice versa, of lavas io which the grain averages the same 
degree of fineness, the fluidity should appear to have been dt« 
rectkr proportionate to their specific gravity. 

These* axioms must be attended to, because, if by observa- 
tioo we should find evidence of their correctness it will be 
tantamount to a proof of the truth, of the hypothesis from 
jvhicb they are deduced. 

^. 2. It has been seen that in all cases of volcanic eruption 
the intumescent lava rises to the mouth of the vent, or to such 
9; height within it as allows of its free communication with the 
atmosphere ; and that it either remains at (fhat level,, the 
aqueous vapour escaping in bursts from its surface, as fast as 
it is generated below in the focus (^expansion ; or overflows 
the edige of the vent,, and is discharged on the surface of th^ 
earth,, in greater or less quantity according to its liquidity 
and specific gravity, (i. e. its fluidity,) and the energy of the 
eruption, i..e; the quantity of ebullition that takes place in 
gitven. times in the subterranean focus.. 

As it is elevated the lava becomes proportionately dilated, 
entering still farther into ebullition a.s the pressure upon it 
diminishes with the length of the column of liquid it has to 
support,,, and which acts both by its weight and. the reaction 
jof its elastic vehicle from the lateral resistances which oppose 
its entire expansion. 

When any portion of lava has reached the mouth of the 
.vent, and comes into contact with the outer fluid medium, 
l>ot^ these repressive forces are reduced to nullity^ and the 
sole remainiuj^ resistance to the full expansion of the steam it 
contains consists of the pressure and density of the overlying 
medium. Consequently the steam is rapidly dilated, and' es-^ 
capes in great quantity from the exposed sur&ce. But by this 
expansion the temperature of thesurfiico is instantly lowered, 
the vapour that remains proportionately condensed, and the 
solid crystalline particles of the lava brought so closely toge« 
tfaer that their forces of att'raction prevail over the weakened 
force of expansion, and they reunite into a solid mass. The 
superficial crust that instantly hardens* in this manner on the 
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exposed surface of any lava will impede the expansion and 
escape of more vapoar from beneath it, in a degree propor- 
tioned to the closeness of its texture. When this is at the 
maximum, the first film that hardens on the surface will ofier 
an impenetrable barrier to the escape of the vapour from be* 
low, and prevent, for some time at least, the progress of the 
consolidation downwards. On the contrary when the lava is 
porous the steam of the interior will be enabled to percolate 
through the outer crust in obedience to its expansive force, 
^nd tne greater the porosity of the lava, that is the more 
numerous and large interstices, the more easily and rapidly . 
will this escape be efiected. Consequently the depth to whicn 
the process or consolidation in this manner extends inwardly 
from the exposed surface of a lava in given times will be in- 
versely proportionate to the compactness of its texture,* 
which must itself vary inversely witn the size and irregularity 
of its component crystalline particles. 

This law by which the porosity and compactness of a lava iis 
determined will be further investigated in a subsequent chapter. 
In proportion as the crust that hardens in this manner on 
the surface of lava, checks the expansion of the vapour be- 
neath, it continues the pressure sustained by the liquid, and 
even augments it by the contraction which accompanies the 
process of congelation. 

But the reaction of the expansive force of the compressed 
steam, together with the efiect of this contraction, generally 
splits and breaks up the hardened crust. The fissures fornaed 
by this shrinking allow of the expansion and escape of more 
steam from the interior, and this gives rise to fresh cracks ; 
and in this manner the consolidation is propagated to a con- 
siderable depth, while the surface becomes more or less bro- 
ken, rugged, and uneven. 

In this manner, when a body of lava is exposed to either of 
the external fluid media, its surface becomes instantly con- 
cealed ;-— the depth to which the induration proceeds vary- 
ing directly with the size of its grain and the irregularity of 
its arrangement. 

Below the point to which the induration has reached in 
obedience to this law, the matter of the lava remains long iu 
a state of liquidity, since it can only lose this character by 
parting with the caloric it contains by gradual transmission 

* From a similar caU^e it is that coarse claj' desiccates inwardly sooner 
than fine grained, the water which forms the vehicle of its liquidity escap- 
ing' with the greater facility in proportion to the porosity of the resulting 
solid. 
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lltrough the slow coiiducting powers 6f the crust. In'this con- 
dition it obeys of bourse the* laws thtft reff^late the motion of 
all liqaids, and if urged to move in a lateral direction by 
any force, it instantly acquires a similar crust or solid coating 
upon every iVesh surface it exposes in succession. 

It is therefore only at the extremity or borders of a moving 
mass of lava, that it appears to be in motion, or is visiUy liquid 
and incandescent, and even there only when'the movement is 
tolerably rapid. The rough superficial crust, which forms 
instantaneously on its exposure at any point, remaining sta- 
tionary, or nearly so, and allowing the lava to flow on from 
ben^th it. 

i^. S. The disposition assumed by any body of lava pro- 
truded on the surface of the earth by volcanic expansion must 
obviously be determined by the compound influence of the 
expulsive force, of its fluidity, and of the various external 
circumstances that may modify the permanence of its fluidity, 
or that tend to favour or impede its progress in a lateral di* 
irection. 

I. The force of expulsion, by which fresb volumes of liquid 
lava continue to be driven forth from the vent in 
greater or less quantity, might rather be termed the 
ratio of production, since it varies directly with the 
quantities of lava produced in given times. 

This ratio, Vfhen the Jluidihy of the lavk is fixed, varies as 
we have seen directly with the rapidity of the internal progress 
of expansion through the focus, i. e. with the energy oi the 
eruption. 

If this term be fixed, it v£^ries inversely with the fluidity of 
the lava, since the degree of intumescence by which it is oc- 
casioned preserves this proportion. 

This law however, it must be remarked, is only applicable 
ivjien the vent of emission corresponds to the summit of the 
column of lava elevated within the Volcanic chimney. 

Whenever, as will appear hereafter to be a frequent case, 
by the sudden formation of a vent or fissure of escape through 
the side of a volcanic mountain, — the lava is allowed to issue 
at a lower level, the force of its expulsion will be compounded 
of the weight of the column of liiquid already raised above 
that level, and the energy of the e*xpansive force. The influ- 
ence of the force of expulsion on tne disposition of the lava 
expelled, is evidently to increase its superficial spread by aug- 
menting the velocity of its lateral progress. 
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. \h WelmTeelreiidyiMi9ider€d4hgeirettBii6touatee6b^ wh^ 
tlia flnidity of l|i?a is deteroiie^ vizw-^ito' liqi|idi(]r 
aftd specific gravllv ; aod it has also apoear^ that toe 
p0rtliaiionoe:of its nuidit^^ that 19, the diTOuHy opposed 
to its ooi^i^tton^ varies dirtcUy with ii9 fiaeiiesA oC 
. fwh^ ^tma pavibiiBk It is obviona ihttt tber ditsct 
eCrdI of the eaceaa of those qualities oa the dispesitipQi 
of ft hody of lava h to augoaefit the rapidity oi its lid- 
yaacO' in a lateral direetionr^ and consequently the ea* 
tent of its spread. 

III. The external circumstances that affect tibe ^sposrtfon 
of lava upon the earth's surface are divisible into. 
First^— those which tend to diminish its fluiditVj^ and 
Secondly, — ^tbose which fiivouror impede the lateral 
extension to which it is urged by that fluidity. 

1. The first elass of circumstances comprehends the 

nature and condition of the external fluid rae- 
' dium with which its surface is brought into con- 

tact. The pressure sustained from the weight 
or elastic force of this medium, and the hin- 
drance which it opposes to the escape of the 
steam according to its density, tend proportion- 
ately to diminish the fluidity of the lava. The 
latter difficulty may perhaps be diminished by 
the vislocity of anv currents that may traverse 
this medium^ and by presenting continually 
fresh surfaces of contact favor the escape of its 
caloric and the emanation of its gaseous vehicle. 

2. The external circumstances that tend directly to 

favor or impede the lateral extension of the lava 
consist principally in the superficial forp and 
nature of the ground upon which the lava is 
produced. If mis slope towards the orifice on 
all sides, the gravitating force of the lava pp* 
poses that of expulsion, and impedes its lateral 
expansion. If the surface be level, the lava 
must spread outwardly on all sides of the vent 
with a velocity, and to an extent determined by 
its fluidity and the force of expulsion. If the 
ground slope away from the. source in any direct 
tion,. the lava flows in that direction with a raV 
pidity, and to an extent determined by the. force 
of expulsion, its fluidity, and the degree of in- 
' clination of the surface. 



In the s^m mia^net emry ol^t^f^e-i^gimfA "Hrhiell tlte lavn 
if^fi^^ ia ita eomrse t^a^^ iihh'9 cmt 1^ Uk loodily its Airee^ 
ti€^ apd iiv^ed^ tlie velocity of i1^, progrenf. But the effisct 
of ^ch wpj^dii994ai9 on Ui^ pr^gvefsof 9 bodjr of lava mnfll 
W j^ g^^(;^r tbsw ^l^M tbejr would fwodMoe on ^j elher 
4w^H|.f9otiQn.pQi^ie9ii94i9f 1^68.el^ a gfaalac degree 

. Ib this <;aae Ubey H^l} mqre or leA$> 9o4<^lj^ iaipede the Is* 
teral progress of the lava in the directioa in wnkh it wa9 
im^^i hut alsp dAminisb, ao4 to a eertaiE distaficedestrby, 
jt9..J[uidity^ by incveasivgp tb^ <;pi|ipre99k)ii on the contafaied 
elastic fluids upQU wbUh its liquidity d^pead«)» 
. |n fact, while the lava moves on in ooedieQce to. Ma own 
|myi}ating force, and with a velocUy prpp^tionedl to its flii« 
wty ai^d uie incliaation of the grouad, it acquires a eettaia 
|iM>men,tum, and when an obstacle ia i^ny degree ofiposes ils 
progress, t)ie resection of thi& momentual fron the- resisting 
^aur&ce must occasion a great increase of eompressipa on the 
lava immediatelj in its vicinity. . By this the elastic iuids it 
coatainsy and whidi communicate to it the imperfect liquidity 
it possesses^ are condensed, and the mass more or less solidi- 
fied. 

[ The partial consolidation thus effected is propagated back* 
Kards to a certain distance from the aurtace in proportioR 
to the /size and angle of the resisting obstacle, ceteris 
paribus* . 

The accumulation of the lava upon itself, as its velocity is 
stopped by any impediments towards the lower part of the 
current, tends also to solidify this part^ by leogthjeuio^ the 
^^olumn of liquid it supports. By both these causes united the 
fluidity of lava is more or le^s destroyed to a certain distance 
fvwoj every obstacle that checks it progress, and its advance 
ndust be proportionately impeded* 

Upon the compound infliieHce-ofall these circumstances will 
depend the direction taken by any body of lava on issuing 
from the volcanic vent — the velocity of its progress — the ex- 
tent of its superficial spread-^and consequently the figure and 
relative dimensions of the mass it forms on consolidation. 

When those circumstances prevail that are favorable to the 
lateral progress of the lava, it will extend itself with a pro- 
portionate rapidity* over a considerable surface, and accord* 
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' * A current of Vesuvius in 1776, flowed a mile and a half in 14 minutes ; 
<and M. de Buch witnessed one in 1805, wluc)i reathed the sea ia three 
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ifig to tKe disposition of the neighbouring levels — either 
overflow a wide, and perhaps gently sloping plain; or spread- 
ing more in length than in breadth, perhaps occnpjing the 
bottom of a valley, or the narrower channel of its river, 
streteh lik^ a continuous stream to a considerable distance 
from its source until the cessation of the force of expulsion, 
and the progress of consolidation in the mass already expdled, 
gradually diminish its velocity, and finally arrest its further 
progress, t 

In the former of thes^ two cases the bed of lava preserves 
on solidification the form of a sheets (nappe) or plateau. — ^In 
the latter that of a stream or current (coulee). 

When on the contrary, the fluidity of a lava is very im- 
perfect, and external circumstances unfavorable to its lateral 
extension, the lava must accumulate upon itself into bulky 
masses in the immediate vicinity of its souri^e ; and, accord- 
ing to the direction it is led to take by the neighbouring sn* 
perficial level8,-«^either produce on one side of the orifice of 
protrusion a huge current or bed, of great thickness in pro- 
portion to its superficial dimensions, and to which we will 
give the name of a iffrmnzocA;'— or accumulating on a// sides of 
the vent^ one bed slowly spreading over another, so as to 
form a series of concentric coats, the mass will assume some- 
what of the figure of a dome or bell — in which the vent occu- 
Kies the axis, and will remain closed after the lava ceases to 
e protruded, unless broken through by the subsequent explo- 
sions of vapour. 

§. 4. In adducing examples of these different modifications 
of figure assumed by a mass of lava after its emission upon the 
earth's surface, in obedience to the laws that regulate the 
motion of all substances in a similar state of semi-liquidity, 
— it will be difficult not to perceive a remarkable fact, viz. 
that the lavas which are roineralogically classed as basalts, 



hours from, tbe summit pf the mountain, a distance of 3900 yards in a 
straight line. 

t The dimensions of some lava currents produced even by recent volca- 
nic eruptions are astonishing. Sir W. Hamilton reckoned the stream 
-which destroyed Catania, in 1669, to be 14 miles long, and in some parts 
six wide. 

Recupers measured the length of another upon the northern side of 
JBtna, and Ybund it 40 miles ; Spallanzani mentions currents of 15, 80, and 
30 miles, (Yoyi^e en Sicile, vol. i. 219.) and Pennant d^cribes ope which 
issued from a volcano of Iceland, in 1783, and covered a surface of 94 miles 
by 50r CNorih Globe, vol. i.) 
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from the prevaleace . of. the ferruginous miperalf-r-^ilgite,; 
hornblende, or titaniferous iron in their conipoftitioHy — are 
almost univjerss^Uy found to have spread into tain sheets^ or 
lonff and shallow currents j to a considerable distance froi^ the. 
orince of protrusion ;— while those lavanrocks which consist 
almost wholly of felspar (trachytes.) areas uniformly disposed 
in massive bede,. hummocks, or domes. Take for examples 
the extensive and shallow basaltic plateaux of the Mt. Dor 
anil Cantal — of the environs of Le Puyeu Velay — of the north 
of Ireland— of the plains of Iceland — and of the gentle slopes 
of the isle of Bourbon — take the iniiumerable long and strag- 
gling streams of the Auvergne — of ^tna, Vesuvius, &c.-rand 
compare the conformation of these and other basaltic beds, 
with the massive trachytic hummocks that are closely grouped 
around the volcanic centres of the Mt« Dor, Cantal and Mt» 
Mezen in France, with the bell-^haped masses of the Pt|y de 
Dome, de Sarcouy, and de Clieraou, with the numerous tra- 
chytic domes of Hungary^ and with thq still nio^e stupendous 
beds of the Americau Andes. Such a compHrison presents a 
striking evidence of the truth of the observation. 

It may be even asserted generally, that the greater the pro-- 
portion of the ferruginous minerals (augite, hornblende, and 
iron) in the constitution of the lava, the greater appears al- 
ways to have been its superficial spread, when poured out 
upon the earth's surface, other circumstances remaining to 
all appearance the same. 

This so remarkable and constant relation between the mine- 
ral nature of a bed of consolidated lava and the proportions 
of its different dimensions, has been already recognized 
by Greologists ; but many have been unfortunately led 
by this remark to. the adoption of a serious error as to the 
origin of the trachytic and phonolitic rocks, which are consi- 
dered by them as in no instance to have flowed on the surface 
of the earth, but to have been always elevated en masse, into 
the position they now occupy. 

Some writers have even gone the length of supposing that 
they swelled up like a bladder by inflation from below, (De 
Buch, Humboldt,) and are consequently still hollow within — 
a gratuitous supposition entirely at variance with all that 
we know for certain concerning the nature and mode of ope- 
ration of the volcanic energy. , 

It is on the contrary obvious that the remarkable bulkjness 
of the felspathic lavas is fully and simply accounted for by 
their imperfect fluidity, which has been already recognised to 



§t Jhnmeme hulk of Twehj^ 

ttfMneccbs iiiduoes the necessity of supposing any otner tt^ode 
of -Yolcanic nction tban that bjr which tlie bt^iltic hvas wdi'd 
dlso produced. But it is likewise wholly atid strikingly untrue 
Aat trachytes never occur in sheets or currents (napped ou 
eonl^s.) On the contrary when reduced to a gfeat degree of 
comminution and possessing a high liquidity, the felspathic 
lavas have rnirtersally assumed that mode of dftsposition^ as iti 
the inMance of the numerous streams of obsiaiah or glassy 
trachyte in Lipari, Teneriffe, Bourbon, Iceland, &c.; and 
under favorable external circumstances— as when th^ ittdl- 
nation of the ground from the orifice of protrusion wa^ cobsi- 
derable, lavas of this quality, even though extremely coarse- 

gttined, and therefore very imperfectly liquid, are frequently 
und to have spread laterally to a considerable distance, with' 
this only distinction, that the currents thus fbrmed are far 
thicket and more bulky than would have been the easis with 
h«i8altic lavas of the same texture, and under the same o\xU 
Ward circumstances.* 
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. ^ To prove tiiis assertion it were sufficient to instance the well-knoim 
trachytic current of the Solfatara, the numerous ones of the Isles of 
Ischia, Lipari, Palmaria, and Volcano, of Iceland, Ouadaloupe, and the 
Isle of Bourhon, where both compact and earthy trachyte appear in c^ 
renU (massive) flowing out of craters that still exist in their integrity. But 
the Geologists who uphold the contrary opinion by a strange perversity of 
reasoning refuse to class these rocks as trachytes ; not from any observed 
difference in their mineral characters (which perfectly lag^ee with thost 
of some of the oldest trachytes) but precisely because they appear 
as currents, and have been obviously produced in the manner of ordi* 
Uary lavas from a volcanic mouth, it mi^ht be remarked to these 
gentlemen, that they are arguing in u vicious circle— that the temi 
trachyte is purely and essentially mineralogical as much so at least arthat 
of granite, mica-schist, porp}iyry, limestone, or basalt — and that they have 
no more right to refuse this denomination to the recent rock ;of the So1£h 
tara than that of granite to the secondairv granite of the Val de Lavis» or 
porphyry, to the rock of this nature,- which occurs in the red sandstone 
formation. 

But to clear up all doubts on the subject, it may be as well to nAentidO 
that many of their own standard traehyUB are indubitablv disposed mre^ii* 
lar sheets and currents, and have flowed to considerable distances over 
the surface of the pre-existing beds. For example, in the verti|Cal secCim 
of the Mont Dor which are exhibited by the cheeks of its deep central ra- 
vines and gorges, many varieties of earthy trachyte may be seen forming 
thick but very extensive beds or layers superposed to one another to th6 
number of five, six, or seven^ and separated by intervening strpitl^ of tuft 



At tbe saiAe tiflae that it ctivnat be cont^stod ihct trachytio 
hiT&s have frequently ilofred as currents and sheets (coulees) 
(HI the surfoce of the earth, under circvHttstances ef liquidity, 
inclinatioH, and propulsion, pefeuliarly fevoraMe to the Telo« 
eky of their course and consequently tbe spread of the nass, 
yet it is certain that these currents ai<e usually of very cousin 
derable thickness in proportion to their superncial ejctent, anc) 
approach more or less io the mode of disposition which we have 
designated by the term hummock, and which is in fapt only a 
current of extraordinary bulk. It is likewise equally true on 
the other hand, that when all outward circumstances werere^ 
markabl^ tmfiwqrable to the lateral progression of the lava, 
and its liquidity imperfect in the extreme, the protruded mass 
may have remained almost vertically above the orifice or ^« 
sore of eruption, scarcely spreading at all in a lateral direc* 
tion and presenting the figure of a dome or hummock, whick 
subsequent degradation will frequently have worn into a fim« 



(or pomiceous conglomerate), occasionally even alternatinff with ^rallcA 
beds of basrit. (Cascade ^ Mont Dor, VaS, de la Oour, &c.) All these 
have Mb a ^lilqtfi-Tefnl dip finom the aocis of the mooatain, ao^ a gentb 
midj^adnaliTdimiabli^ inclination, baying eridently flowed frpm the lips 
^f .the central vent, (or crater,) whose remains are still observable in the deq> 
circus, where the rivulets of tibe Dor and Dogne unite their waters withbui 
losing their names. 

The great volcanic mountain of the Cantal exhibits numerous similar 
insftances; or, indeed, it would be rather more correct to say, that here the 
trachytic lavas have almost all flowed to a considerable distance from the 
<ieBtre of eruption, prodnctng immensely extended plateaux of considendble 
^nckness whose super-Bosition to conglomerates and other similar trachytic 
heds (as well as to fresa water limestone strata) is freouently observable in 
the steep flanks of the numerous ravines that stretcn like rays fi'pm the 
centre ot this conical mountain. The group of the Monti Cfimini, near 
YHerbo, affords instances of the same disposition — ^trachytic currents based 
OA tufa may be observed to form the slopes of this momtaia. 

There can be Httle donbt that the trachytic groups (volcanic mountains 2) 
•fHannry would prasent aoany similar feicts, if studied wHh a previoaa 
knowled^ of the usual diaiosition pf volcaoic products. That thej |lid 
mot appear in this light to M. Beudant is perhaps attributable to this geo- 
logist having examined them rather too much in the spirit of the Wernerian 
school than with an eye to the laws that regulate the structure of a volcanic 
Bioantain. It is the more allowable to presume this, because M. Beudant 
huatelf Miarfi in theaame positive manner, as Ihe result of his own obser^ 
vations, the total absence of trachytic currents in the Moat ]>or) y^b^irp 
it is no exaggeration to say, that they are as evident as those of basaltt 
"which are seen to compose the frame-work of ^tna or Somma, in the sec- 
tions afforded b j their deepest ravines. 
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testic resemblance to mb^d castles . ('^ des chsiteauK^cfffts en 
ruines/' Humboldt, E^sai Geognostique.) It is also obvious 
that the complete dome or bell will only be produced when 
the aperture of emissioQ. is circular, or nearly so, and sur- 
rounded by a Jevel surface* If the ground slope away from 
it, the dome, will pass- into a hummock, and by its eixtreme 
prolongation into a current. While on the other h^nd should 
the orifice be a longitudinal fissure, and the l^va be prpdaced 
on more points than one along its extent, by accumulating 
upon itself on either side of, and above this fissure, it wiU 
give rise to a lengthened hummock, which will scarcely be 
distinguishable frooi one that has flowed from a single source. 
. In all probability many of the massive trachjtic forma- 
tions of the .Andes (to some of which ]Vf. de Humboldt gives 
the astonishing and almost incredible vertical thickn^s of 
18,000 metres) were produced in this manner, from wide and 
lengthened fissures disgorging during ,a. long pedod of erup- 
tion from numerous vents upon their whole extent an immense 
quantity of felspathic lava, under circumstances peculiarly 
uniayorable to its fluidity. 

There exists even in France, though as yet almost unre- 
marked, certainly misunderstood, a colossal -range of clink- 
stone perhaps capable of vying with many of the trachvtic 
formations of the American continent, and at least fitted to 
raise the imagination to the conception of such enoripous 
lava-streams. It has its origin in the Mont Mezeii, (near le 
Puy en Velay). and stretcher into the valley of the Loire, 3ft 
miles off, with. an average width of about six miles, covering 
therefore a surface of about 156 square miles. It may be 
seen to rest upon' basalt in some places, and on fresh-water 
marles, and clays in others ; more frequently still on granite. 
This, and. its gradually inclined slope, from the heights of 
the Mezen into the ancient bed of ihe Loire, where it. termi- 
nates, the extremity, leaning against the foot of the granitic 
range of La Chaise-dieu on the opposite bank, prove it to have 
been produced rather as a. continuous lava current, than £ron> 
a lengthened -fissure or in any other mode. The great com- 
parative fluidity of the clinkstone lavas, which will be noticed 
immediately, in one direction, viz. coincident with the planes 
of their crystalline laminae, favours this idea; as well as the 
enormous vertical thickness of the bed, which in many places 
i reaches from 500 to 600 feet. 

' The atmospheric agents of erosion have effected great 
changes in this bed since its production, cutting entirely 
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througli it on some of the softer parts, and notching it into a 
number of fantastically shaped eminences, generally conoidal.* 
The local diSerences of hardnesB and structure, by affording 
more or less facilities to the process of degradation, particu- 
larly to the action of frost and rain, and the easy destruction 
of tnose parts of the rock that were based upon friable fresh- 
water martes and clavs, to which the fissile structure of the 
clinkstone suffered the ratn-.water to percolate from above, 
werenodoubtthecBusesof this extremely partial weathering. 
The Fuys de Dome, de Sarcouy, aud de Cliersou,- are beau- 
tiful instances of the dome or bell-shaped disposition, in its 
extreme perfection. These hills, the two last of which have 
, been quarried to a considerable depth inwardly, present indi- 
cations of a concentric foliated structure on the largest scale, 
tbat must necessarily have been -produced by the peculiar 
mode of their production, one bed of semi-liquid lava lapping 
over the other- ae it slowly boiled over the lips of the central 
orifice. 

Fig, 14. 
JSpbm (/ Traelgile. 




Prtfle «g Ove Pfi/i ie Petit et Grmd Sareoivy «1 de* GovJet. 
Fig. 15. 
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.' * MM.'de Humbeldt and Daubuiasoo have remarked the tendeaey of 
.^MHiolitic mountwu§ to wute into detached mosses bf a conical form. No 
Tfbere could the truth of this ohscrvation be better appreciated thtu aioog 
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The explosions of aeriform' iuid's Vhich preceded or fol< 
lowed the emissioD of the lava, probably threw up the cones 
of fragmentary matters, which are so closely in contact with 

' these trachytic domes (viz. le petit Dome, le Grand Cliersou, 
and le Puys des Goulea.) 

In a neighbouring instance, that of the Puy de Gromanaux, 

. the subsequent exfJosions evidently broke through the centre 
of the trachy tic dome itself, and left a hollow cavity or crater 

■ there, half-encircled by cliffs of trachyte, and containing a 
small but perfect cone, (Le Puy de Besaee.) Another very 
complete example of the bell'shaped hillock of recent forma- 
tion occurs in the Mamelon centrale, described by M. Bory 

, de St. Vincent, as rising from the summit of the cone of the 
acfive volcano of Bourboa; this too has been hollowed out 

. by subsequent exploaioos. - 

Fig. 16. ' Fig. 17. 
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the range that now occupiea us, which is entirely reduced to a. series of 
rocky eminences, presenting every interntediate gradatioD of figure from 
the rude segment of a bulky bed tu the perfect cone. 

The cause of thla unifbnnity clovlylies in the mnch greater tmulity 
with which Ihis rock yields to meteoric influence on some points than on 
others, as well from its frequent differences of texture and consequent 
aptitude to decomposition, as from its accidental varieties of structure ; 
the columnar and laminar modifications at times combining to hasten s 
disunion of parts (as was remarked in the rock Tnili^re, Mont Dor,) at 
others to afford the utmost power of resbtance, aswhenaparcel of coIdidib 
leaning ^^nst one another converge into a conical cluster. The some 
causes continue to influence the aspect of the mass after it has been com- 
pktely isolated and reduced to a rounded form by the wasting of itsangalar 
portions. 

Where the phonolite is of. a quality Jh«t readilT decays on exposare, it 
presets a smooth-wded cone, mthea with a thick byer of whit« earthy 
soil, which frequently j u pp tt rt stB au ria n t-farcststrf oakgnd flr.' 

Where the rock is le^s, de$tructiblB. its UMwr aarinAf ia caa^fea^. 
notched, and craggy, and its base encumtww iWth hWfWi rMJ .miw^ 
piles of ^aty fragments. 
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■- As estampkfii crP trachytio hunitnocks may be qaoted> the 
great plateau de Bozat;.tfaat of Le'Puy'Gros, reaching to 
the village of La Qneille; and that which is now divided 
by weathering, into the different hills called Puysde L'angle, 
HtfOtediattSt, La Tache, Poalet, Baladou, L'Aiguillier, and 
Pessade, <Mont Dor.) That of Bort and Montagnes de Saler» 
ii^ the Cantal, &c. 

As trachytie or phonolitic sheets or currents, those of 
the Plateaux de L'anfl(le, de Rigolety and deCbaiRaibon, in the 
Mont Dor; those which extend to the town of Aurillati, in 
the Cantal, and rest thereon fresh-water marles ; those of the 
Solfatara, and del Arso in Ischia ; finally, those- which con- 
stitute ttie substratum of Prodda, Lipari, Le Saline, Volcano, 
Ustiea, &c. 

It nnet be recollected that the ({uailtity and escaping force 
of the vapours evolved from a lava in ebullition varies directly, 
and the quantity of lava protruded en masse by its internal 
intamescence, inversely, with its fluidity. Con8e<]piently, 
there is nothing but what we should expect k priori in the 
usually stupendous volume of those trachytie masses (as in 
the Andes, &c,) which from the figure they have assumed, 
and^the nature of their mineral composition, are proved to 
have possessed an exceedingly imperfisct fluidity ; while for the 
same reasonwe must anticipate that the quantity of fragmen- 
tary matters or conglomerate rocks that accompanied their ^ 
production must be inversely proportionate to their bulk. It 
appears^ indeed, far from improbable, that the protrusion of 
some trachytie masses whose fluidity was to the last degree 
imperfect, and particularly when from a sub-aqueous vetit, 
where the density of the outer medium must oppose so great 
an obstacle to the absolute escape of the confined vapour, 
may have been wholly unaccompanied by any aeriform explo- 
sions, and consequently by the contemporary formation of any 
conglomerate. 

It results from these observations, that there is no reason to 
deny the trachytie rocks to have universally issued from the 
"earth as laoasy or in a liquefied state, whether produced by 
sub-aerial or sub-aqueous volcanic vents ; that on the contrary 
they appear to have been elevated by the stf me causes and in 
the same manner as basalt, and that the remarkable compara- 
tive bulk of the masses in which the former have disposed 
themselves is simply owing to their havings generally pos- 
sessed, by reason of their low specific ^vi^, a very inferior 
degree of fluidity to that of the augitic lavas, which, when 
produced with an equally large grain, and under the same 

G 2 
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external circunistances, have always spread much fiirtker^ and 
were therefore evidently more fluid. 

It is thus that considerations, solely based upon the charac-' 
teristic differences generally observable in the disposition of 
lava rocks of different mineral character on- the earth's sur- 
face, lead of necessity to the identical conclusion at which 
we formerly arrived by a very different chain of proofs ; viz* 
that under the same external circunlstances, and with a simi- 
larity in the sise and arrangement of their crystalline grain, 
the fluidity of a laVa increases directly with its specific giii« 
vity, that is with the proportion of the heavier mineralain ita 
composition. 

The strongest confirmation is thus obtained of the correct- 
ness of the data from which these conclusions were, drawn, 
which include our hypothesis on the crystalline nature of Jihe 
fluidity of lava. 

§. 5. After this unavoidable digression we revert to the 
consideration of the mode of procedure of lavas in general 
when poured out on the earth's surfiice. 

If open fissures exist in the ground over which a currents 
of lava is led to flow, part of its substance will enter and* 
occupy them to a greater or less depth in proportion to. its 
fluidity. The matter thus introduced beitween the cheeks of' 
the fissure, assumes the form of veins or dt/kes^ which are often, 
with difficulty to be distinguished afterwards from the simi- 
larly disposed masses, already mentioned in a former chapter 
(Chap. ii. §« 15), which are produced in a somewhat different 
manner, viz. by forcible injection from below; whereas thesci 
are filled by intrusion from above. Every volcanic district- 
presents examples of dykes filled in this manner, andappear-i 
ing to branch out like roots from some overlying mass oft 
rock into the supporting strata. The basaltic dykes of- the ^ 
chalk formation in the Morth of Ireland are probably in great; 
part of this class ; though many, and particularly those which 
appear to have affected the nature o( the rocks forming the « 
sicies of the vein to some distance, were evidently the ventst 
through which the lava rose, and was protruded to the sur- 
face. The friction produced by the resistance of the sides of 
the fissure to the lava entering into it in either mode, .must aug- 
ment the comminution of its grain. We should therefore ex- < 
pect to find the siibstance of these veins to be somewhat finer 
in grain and closer in texture than the overlying mass with 
which they communicate, — and iigain, that the lateral parts « 
should be more comminuted than the. centre. ^ This observa- 
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tron basriodeed been often made, though as jet ho iexplatoation 
bas been offered of the fact. 

' When lava has once been poured forth on the earth's sur- 
face^ it is urged forwards by the influence, of its own fluidity, 
independently of the force of expulsion, so that a current 
continues to advance slowly for a ffreat length of time after 
it has ceased* to receive any supply u'om the volcanic aperture, 
dnd indeed after the final obstruction of this vent, and the 
termination of the eruption. This effect of the weight of the 
mass will be the greater in proportion to the slowness with 
which the lava- yields to consolidation, its specific gravity, 
and the inclination of the surface on which it flows. 

Thus, in the year 1819, on^ the flanks of iStna, *1 observed 
a current still slowlv progressing, at therate of about a yard 
per day, which hadf'been emitted nine months before; and 
other currents of- the same volcano are cited by Ferrara and 
Dolomieu, as still moving on ten years after their emission* 
- As the still liquid interior of the current escapes outwardly 
in this manner, the upper crust must generally subside in 
roportion. Sometimes however the subsidence is prevented 
y ike solidity of its structure, and it remains suspended as a 
sort of roof over the vacuity left by the lateral expansion of 
the inferior liquid. In this manner it is probable many. of 
the caverns were formed which so frequently occur in volcanic 
rocks of this nature ; particularly in Iceland and the island 
of San Miguel. 

' According to M. Bory de St. Vincent, the volcano of 
Bourbon ha^ poured forth at various times from the lips of 
its crater numerous diminutive lava currents of extreme 
liquidity, the interior of which escaping. by the influence of 
its own- gravity and the great inclination of the surface of the 
cone on which they rest, has left a sort of hollow gutter, 
arched over by a thin and brittle crust, that frequently yields 
to the weight of any person stepping upon it, so as to 
occasion dangerous fhils. As the lava retires gradually from 
beneath these arched crusts, pseudo-stalactitic projections, 
Ifke icicles, fwm upon its inner surface, which are coated with 
a glazing or glassy varnish by the fusion of their superficies, 
occasioned' probably by the same- process as in the smaller 
vesicular cavities of fine-grained lavas.* (See Chap. v. §. 5.) 

We have already noticed that, owing to the extremely im- 

n — ■ tL I I I II ■ ■ ■ I ■ n-^ II — I r — i^r - r ■ - .^^^^^ 

* See the plates of such caverns in Bory de St. Vincent's Voyage aux 
isles d'Afrique; and their description in Mackenzie's Iceland, and 
yiTebsler's San Miguel. 



IQS j^cl 9f theObOacks U meH$ fsoUlL. 

perfeet li<}iiidity of lava, aod-tiie sluggishness with whic)i it 
consequently moves, the slightest obstacle roust have a vsry 
considerable ^effieet in retarding its progress. And this suppo- 
sition is entirely confirmed by observation. A bush, a. tree, 
a wall, a large stone, have often been seen to cheek the ad-: 
vance of a current to an extent quite unequal to the tesistance 
they can be conceived to 6ppose to the weight and pievsure 
of the lava pouring upon them ; and^only to be accounted for 
by the idea of its semisolid Condition, and the extremely low 
degree of mobility possessed by its particles, which the io* 
creased compression resulting from the least impediment spfr 
fices to destroy to a certain distance from the opposing surface* 

£ven the resistance offered by the minor asperities of the 
ground over which a stream of lava extends itself^ destroyi 
or lessens the liquidity of this substance to a certain distance 
upwards, and hence the rotatory motion with which a current 
appears to advance. The lower stratum being ariwted by 
the resistance of the ground, the upper c^ central wri pro- 
trudes itself, and bein^ unsupported from below, ^Us to the 
ground ; becomes stationary there ; and is in turn covered by 
a mass of more liquid lava whieh rolls or swells over it fron 
above* In this manner the scoriform crust that forms upon the 
surface of lava immediately on its exposure, is continually 
brought to the lower part of the current ; and it is seen from 
hence why rocks of this origin generally rest upon a thin 
stratum of fragmentary scoriae. A current which I had the 
opportunity of observing on .^na in 1819, and which was 
advancing down a considerable slope at the rate of about a 
yard an hour, had all the appearance of a huge heap of rough 
and large cinders, rolling over and over upon itself by tie 
effect of an extremely slow propulsion from behind. This 
motion was accompanied by a crackling noise, occasioned by 
the contraction of the crust as it solidified, and the friction of 
its scoriform cakes against one another ; and on the whole 
was fitted to produce any other idei^ than ; that of fluidity.^ 
Yet within the crevices of this sluggish mass a dull i^d heat 
might be still seen by night, and a considerable quantity of 
issuing vapour was visible hy day* 

Whenever the advance of a lava is checked by any materiiil 

* The crackling noise and rotatory motion of this current, strongly re* 
called the rythra of the famous Homeric line, 

Avrecf tvttroi mSop it xt/A/y^fro Kmf «v«#$ns', 

irhen repeated very slowly. 
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obstacle^ it acemnulates upon itself, rising in height until it 
is able either to surmount and cascade over the obstacle, or 
to tuirn round it by a lateral deviation* The extreme diffi- 
culty with which any such diversion from the strais^ht line of 
its course appears to be effectuated, is very remarkable, but 
bv no means surprising, since this circumstance is common to 
ail liquids of j(reat viscosity or consistence, which when urged 
forwards down an inclined plane by their gravitating force, 
move, as it were, en ma^e/ the component particles re* 
taining almost completely their relative positions, without 
rolling over one another in that free ana voluble manner 
which characterises the motion of more perfectly liquid 
bodies* 

la fiiet, we must represent to ourseh'es the mode in which 
the crystalline particles of lava move amongst one another, 
raAer as a sliaing or slipping of their plane surfaces over 
each other, facilitated by tne intervention of the elastic fluid, 
than as the rotatory mov^nent which actuates the globular 
molecules of most other liquids. When, in a liquid of this 
eharacteTii a rectilinear motion has once commenced, the par- 
ticles will arrange themselves in such a manner as is most &-* 
vourable to their eas^ progression in that direction, but this 
very arranffement will increase the difficulty opposed to any 
change in^tbe direction of the movement. 

If, for example, we take the clinkstone lavas, which we find 
composed of crystals generallv having one or two dimensions 
greatly superior to the third; (in the trachytic clinkstones 
the d^stals of felspar being thin tabular scales, or long, har-* 
row, and shallow rhomboids ; and the occasional crystals of 
augite or hornblende which occur in them being generally 
aeicular;) it is obvious that the communication of liquidity 
and motion to such a mass will cause the crystals to arrange 
themselves in such a manner as to have their longest axis in 
the direction of the motion. This effect will be necessarily 
produced bv the mutual friction of the particles against each 
other, to which those that lie transversely, across the direction 
of the motion, are most exposed, and are consequently forced 
to accommodate themselves to that direction* 

After such an arrangement, a very small quantity of vapour 
interposed between the parallel surfaces of the proximate 
crystals will suffice to allow of their gliding past one another 
in the direction of their longest dimensions; while motion in 
any other direction transverse to their parallel planes is ren^ 
dered far more difficult, and requires a proportionatefy 
greater force tt> produce it. 
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In the sataie manner, in every species of lava when once set 
in motion, thfe crystals will take such an arrangement* as 
offers least impediment to their moving amon^t one another 
in the direction impressed on th^ lava, their longest axes 
assuming « coincidence with that direction : so that should 
the direction of the motion be subsequently changed by any 
external force, the actual arrangement of the crystalline par- 
ticles being unfavourable to iheir new motion, will offer con- 
siderable resistance to it, and check it more or less, unt^a 
new arrangement is impressed on the particles consonant to 
the new impulse* Until this is accomplished the quantity of 
vapour which communicated great mobility in the former 
direction may be insufficient to permit it to take place at all 
in the latter. Hence it is seen how a lava often possesses 
great fluidity in one direction, and little or none in another; 
this difference being always proportionate to the average dif- 
ference between the longest and shortest axis of its component 
crystals. This sliding or glissant mode of progression ac- 
counts not only for the extreme difficulty with which a stream 
of lava is induced to alter the direction it has once been led to 
assume, but also for the fact that so few of the larger crystals 
occurring in rocks of this origin are broken or rounded at the 
angles, as would have been the case supposing them to hdve 
moved freely amongst one another in a rotatory manner 
through the medium' of their elastic vehicle. 

It IS however impossible, but that a considerable mutual 
friction of the particles must accompany the progression of 
every lava current, and thi^ will be increased by the occur- 
rence of obstacles forcing it to swerve repeatedly froioi a rec- 
tilinear course. It is a remark which I have frequently made, 
that the grain of a lava rock is generadly finer at the extre- 
mity than at the source of the current, particularly if it has 
flowed to a considerable distance. Analogous to this fact, is 
one mentioned by De Buch^ withregardta the lava currents 
of the island of Lancerete, produced by the eruption of 1750; 
which contain near their origin innumerable knots of olivin, 
man) of them as large as a man's head. These dwindle avray 
in size towards the extremity of the currents, where scarcely 
any are visible; the olivin being there uniformly mixed up 
with the other crystalline grain«r of the^ ]ava.= — (De Buch on 
Lancerote.) 

It frequently must happen that some of the superficial parts 
of a lava current, or those which are consolidated by the 
resistance opposed by some-obstacle to the motion of the cur- 
rent, are broken up by the renewal or continuance of nt» 



•motion, andtheir fragments enveloped in the still liquid la?a^ 
and rounded by tbe friction of its particles. '- 

• Hence the breccUdcd aspect which is occasionally met with 
in rochs of this nature, ana the imperceptible manner in which 
the fras;ments often appear to graduate into the. base. — (See 
Memoir oa Posza Isles, Geological Transactions.) 

Many other appearafaces presented by masses of lava after 
their solidification are' also obviously accountedtfor by these 
consideratiotis : thus iniheditrkstones or slaty lava«*rocks, of 
which the characteristic feature is the parallelism of theircom* 
ponent crfrstals, the directions- of the lon^t axis of these 
crystals wil)*, I believe, be found universal^ coincident with 
the direction of the motion of the mass in -a liquefied state; 
and, as might be expected k prioriVit will, I think, be gene- 
rally recognised irotn observation, that the lavas of this cha- 
racter possessed a much higher fluidity in proportion to the 
size of their- component crystals than ordinary trachytes^and 
basalts, in which the crystals have their different dimensions 
more nearly equal,- and which are consequently irregularly 
agjs^regated.^ 

The circumstances by whidh this peculiarity of crystalline 
forfa^as probably occasioned will be adverted to at *a future 
opportunity.' (See Chap^v. §^ S.) 

'- In the same manner the zoned or ribboned structure of the 
trachytes of Penza, of the trachytic porphyries and pearlstoAes 
of Hungary, Lipari, and the Andes, in which layers ofdiflfer- 
ent texture repeatedly alternate together, or a base of one 
texture encloses elongated' lenticillar masses of another, is 
evidently owing' to the irregular parts of unequal texture^ of 
whioh tnelava consisted, having'been drawn out or elongated 
during its fluid state in the direction of its motion.f 
' In these, and. I believe in all lava- rocks, those imbedded 
crystals of felspar, augite, or hornblende, which have any 
one dimension much longer than the others are found to. have 
thek* longest 'axis generally^ disposed in the» direction of the 
movement. 

• Owing to its'sluggish and peculiar motion^ a lava current 



* Tl^e great clinkstone current from the Mont Mezin in the Department 
de la Haute Loire, already quoted, offers a remarkable instance m corro- 
boration of this assertion. In the Mont Dor and Cantal, the same fact is 
ohservahle, viz. that the currents of clinkstone have generally spread to a 
greater distance fifom the centre of eruption than those of granitoidtft or 
amorphous trachyte. • 

+ Memoir on the Ponza Isle^;- G€<^."Traiis. 1825. 
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increases considerabfy in depdi and boft wherever any ioip9* 
diments retards its progress. Thns ftir example, those which) 
in the Provinces of Auvergne and the Yivarais, have occupied 
the granitic channels of moimtain toirents^ flowing to a dis- 
tancB of five, ien. or fiftem miles from their soorce, may be 
observed to swell ont in width and thickness wherever the 
sinnosities of the valley prodoeed a deviation in their direc- 
tion ; so that every concave elbow of these gorges is filled by 
a bolky mass of basalt, while the intervening parts of the cur* 
rent present comparatively narrow and shallow strips. 

TfaMsse latter portions have in some instances been sobse- 
<|ttentlv, in part er altogether, worn away bv the .erosive ac« 
tioB of the torrent ; and the huge patches of basalt, which are 
thus left alone and unconnected in the bosoms of the alternate 
angles of the valley, have a strange and a striking appear- 
anoe^ heightened in general by the excessive regularity of 
Aeir colamnar configuration. (Yais d'Antraigues, de Mod- 
p&zat, &cO 

If the obstacle be of importance, and so extensive in a hori'* 
zonlal direction that the lava cannot turn, but is obliged to 
surmount it, the accumulation necessary for this purpose will 
often attain a much higher level in front of the obstacle than 
the surface of the current at some distance behind it, so that 
the stream has the appearance of having flowed up hill. The 
cause of this is that the hardened crust acts the part of a co^ 
vered canal, in which the liquid rises te its level like water in 
a pipe. 

When a lava current has met in its course with a flat 



and extensive sur&ce perpendicularly opposed to its directioDy 
audi as the wall of a house, &c., it has been observed tostop, 
as if by magic, at the distonce of 10 or 18 inches, without 
coming into actual contact with the obstacle. This extraor- 
dinary fact, denied by those who have not witnessed it, per- 
haps only because it appears at first inexplicable, is perfectly 
reconcileable to our hypothesis as to the nature of the fluidity 
of the substance. 

A vast quantity of elastic vapours, at a high degree of ten- 
sion, escape from every fresh surface of lava successively dis- 
closed as it moves onward ; but as the lava approaches close 
to a resisting surface of considerable extent, tneir freedom of 
escape must be prevented in proportion, and the reaction of 
the elastic fluids evolved from the lava, and filling the narrow 
space or crevice intervening between its surface and that of 
the opposing wall, must create a resistance sufficient sooner 
or later' to check its further advance. 
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Tke lava is dmi eonscdidated io. some ditttanee bade by tbe 
preewiure of the cuvreot behind* If the momentum of this 
maas be considerable) the wall may ffive way ; bat should the 
motion of the lava be slow^ and its fluidity veiy imperfect, it 
ma]^ rise without overthrowing or even touchia|t the wall, 
until it ia sufficiently elvated to cascade over it, or deviate in 
a lateral direetioQ. This curious observation has been 
repeatedly made during all the destructive eruptions of 
Vesuvius, and thwe seems no reason to doubt itscorrect^ 
ness.. 

When there has existed a wooden door in the wall, it has 
been observed, that the heat radiated from the lava, after 
some time, sets five to it, and when thoroughly consumed, the 
lava enters the aperture thus produced, but continues to 
respect the wall on either side. The reason of this is ob- 
vious; for, since the lava is cmly checked by the reaction of 
the elastic fluids it evolves from any resisting surface-to which 
it approaches, on those points where no such surface exists, 
or, naving existed, has given, way, — the lava experiencing no 
obstacle advances in the usual manner. 

The dry grass or shrubs which a current meets with are 
frequently set oa fire, and the flames prodpced in this manner 
and seen from a distance, have no doubt often been mistoken 
for the volcanic phenomena. 

When trees are rapidly enveloped in lava, the upper parts 
alone blaze and are reduced to ashes, the trunk is- merely 
carbonized, and if subsequently removed by meteoric injury, 
may leave its impression in a hollow cylindrical tube within the 
solid rods. Such moulds occur very commonly in those cur- 
rents of the Isle of Bourbon, which hare extended their 
ravages through forests of palm trees, (Bory de St. Vincent, 
Voyage.) and one of these is to be seen in the cabinet of the 
Jardin des Plantes at Paris. 

Tbe fragments of pre-existing rocks accidentally enveloped 
by lava in its advan^ are obs^ved to be variously affected 
by th^ heat. In general they are partially fused on the ex-' 
terior, and incorporated so dosely with the surrounding 
substance that it is difficult to trace their outline with clear- 
ness. Fragments of limestone still preserve their carbonic 
acid, but have often acquired a ci^stalline grain, probably 
from having been partiallv fused un!ler pressure, as in the ex-' 

feriments of Sir James llall. Near Auriliac in the Cantal, 
have found fresb^water shells-of this character incorporated 
in the lowest stratum of a basaltic current, which appears to 
have flowed from the heights of the mountain into the lake 
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that existed atits foot. Fraements of sandstone'envdofied ia 
this manner are usually haraened^ and clay is freouently <^on* 
▼erted into, a substance resembling jasper (porcelain jasper) 
— in other instances into TtipolL . 

. Owing: to the immediate solidification of lava flowing in the 
opsm air, as fioonas it impinges on any obstacle, it cannot of 
course radiate sufficient heat to produce any important change 
in. the substance of these impediments. The numerous lava 
currents which in the Auvergne have flowed to a great dis« 
tance over both granite and limestone, have rarely cTOcted anv 
alterAtidn except onthe mere surfaces of those rocks with which 
they- have come in contact; When Torre del Greco, however, 
was. overflowed by the lava of 1794, some curious circum- 
stauees were observed as to theeffect of its caloric on the 
metallic and earthy substances with which it came in contact. 
Both were in part volatilized, and deposited as crystalline sab* 
limations on neighbouring* points. The componentmetale^ of 
some alloys crystallized separately.* 

:If a current of - lava flows over marshy ground, the sudden 
vaporization of the humidity confined below must occasion 
explosive discharges, that will disturb, 'and occasionally tear 
their way through the superincumbent mass, scattering its 
ISragments/into the air, and thus creating either rude hollowa 
or scoriform protuberances on the surfiice. 

WhQn a current enters the sea, or anv other body of water, 
a similar effect may be in part produced, but these explosions 
^re of no very extraordinary, violence. It has been supposed 
that on such an occasion a violent combat must ensue between 
the two elements, and many • very~ poetical images have been 
employed to heighten the colouring of the picture ; but the fitct 
i^ppears to.be quite otherwise.' A certain quantity of the water 
that approaches nearest to the incandescent lava, as it is pro« 
truded from the extremity of the. current, will' be reduced, to 
vapour ; but the superficial consolidation that instantly ensues 
will preventany further contact. The fissures that open in this 
crust as it solidifies, emit torrents of vapour the instant they 
are formed, which must impede the entrance of the surround- 
ing water till their sides are consolidated and comparatively 
cooled. . ' 

Krom these considerations, as well as from - all the direct 
observations that have been made on the subjeot,t we roOst 
believe that a current of -lava advancing below water con* 
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• Sec Brieslak, Voyage dans la Campaafe, torn." i. page 278. 
f -tieeMoaticeili, Bneslak/&c. pasiim; 



ducts itself in much the same manner as on dry land. Its 
lateral progress will however be necessarily much slower, 
since its liquidity will be diminished by the superior density 
and weight of the surrounding medium acting in opposition 
to the expansion of the vapour it contains. At the same time 
the density of the water will proportionately impede the 
escape of the steam, and the superficial consolidation will 
rather take place by the cooling andcondensation of this va- 
vapour by contact with the cold water, than by its absolute 
escape. 

The caloric abstracted from the lava, both by actual con- . 
tact, and by the condensation of its heated vapour, soon com- 
municates a proportionately high temperature to the water in 
its vicinity, which on such occasions is observed to be heated, 
discoloured, and rendered turbid to some distance. Fish have 
been often found killed, in very considerable numbers, by this 
sudden change of temperature in their native eliement.* It 
is far from improbable that the Ictb^olites of Monte Bolca^ 
were destroyed by an occurrence of this nature ; since the fis- 
sile limestone, in which they are imbedded, is immediately 
capped by a bed of basalt and calcareous peperino. 

The latter rock proves the eruption that produced the ba- 
salt to have been submarine, and the remarkable attitudes of 
some of the fish bear evidence to the extremely sudden nature 
of the catastrophe that at once destroyed, and buried them in 
the soft calcareous sediment, which was at that time habitually 
deposited at. the bottom of the sea. 



»f^» 



* During the great emptiotos of Lanzerote,' one of the Canaries, whi^h 
coDluiaed, unceasii^ly, and with intepse vtolence, during, the years L7dO-«-. 
1736, immense multitudes of fish are. said to ^ave been cast ashore dead*: 
The.same in Iceland, 1783 $ in the eruption of Vesuvius, irhich destrpyed, 
Torre del Greco 5 at'Stromboli, &c. 
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CHAR V. 
Consolidation of Lava. 



%• 4. Tub consolidation of any mass of lava is effected, 
either, by the condensation of all the aqueous vapour which it 
contains, and to which alone its liquidity is owing : or, by the 
escape of a fmrt pf this vapour, and the condensation of the 
remainder. 

S* S. We have seen that wherever the expansive process 
has been so far developed 9AtoMsintegrate9Lnj of the compo- 
nent crystals of the heated lava, the vapour formed in it 
exists in two different conditions — ^part being Jixedy i. e« still 
imprisoned between the crystalline laminae, where it was ge- 
nerated from the water mechanically contained there, and 
creating by its elasticity a sort of repulsion between these 
laminae, without altering the relative positions of their axes ; 
■**the r e mainde r firee^ baring liberatea itself fronr the pohitr 
on which it was vaporized, by displacing the conlBning lami- 
nae, and. thus more or less disintegrating the whole crystal in 
which it was formed ; thai is, breaking it up into smaller 
crystals unconfomiably disposed towards one another, be- 
tween which the liberated vapour remains in irregular parcels. 

The condensation of the vapour in either of these condi- 
tions, is occasioned by an increase of pressure, or a diminution 
of temperature. In the first instance, the forces which tend 
to brinff the particles together, being augmented so as to ac- 
quire the ascendancy over the expansive force of the vapour ; 
—in the second, the elasticity of the vapour being diminished, 
so as to give the ascendancy to these unaugmented forces, 
which consist of the weight of the overlying lava ; — ^the resis- 
tance of the remaining^ general expansive force of the liquid, 
from the obstacles to its full development ; and the attractive 
forces of the ci7stalline molecules. 



Aggregation o^ergUolUm PoHtdei. Ill 

• By the apmdaal condensalion of the fixed vapour, the lamU 
Dm of those crj^staLi which the process of expansion has only 
disaggregaied^ are again brousiit together, and ultimately by 
the compete condensation of the intervening vapour, without 
any derangement in the position of their axes, are reaggre- 
gated into whole crystals, of precisely the same form as before 
their disaggregation. 

The condensation of the ^e vapour, in the same manner 
allows the approach of the disintegrated ciystals, which its 
elasticity kept asunder, but the j>oles of these crystals no Ion* 

ET correepond, and their proximate plane surfaces are no 
nger parallel: consequently their reaggregation, in their 
actual Relative pontions, must leave a numMr of irregular 
interstices between them, and produce a confusedly crystal- 
line, (granitindal) and more or less porous rock. But by 
this forcible reunion, in so irregular a manner, it must be ex- 
pected that many angles of the crystals will be broken up, and 
forced into the interstices of the larger crystal : by which the 
porosity of the resulting rock will to reduced, and in propor- 
tion to the force with which the reaggregation is produced. 
This must be greater when the condensation of the interstitial 
fluid takes place by increase of pressure, than when it is occa- 
sioned only by tlie diminution of temperature i hence the 
compactness of the lava rock will be greater in the first ease 
than in the last. 

AffaiA, should the condensation of the intermediate elastic 
fluid proceed with extreme slowness, so that, while the dimi- 
nution of its elasticity brings the particles by slow degrees 
within the sphere of their reciprocal attractive forces, the re- 
maining elasticity leaves a sufficient mobility to permit of the 
reversion, of their poles in obedience to these rorces : many 
of the particles may be enabled to unite into larger crys- 
tals ; and thus more or less of a partial recrystallization 
occurs. 

It is easily perceived how this result will be facilitated, and 
therefore how the number, size, and perfect form of the crys- 
tals reproduced from the comminutea and disintegrated crys- 
talline particles, will be augmented, in proportion to the 
slowness with which the interstitial fluid is condensed : whe- 
ther this condensation take place by increase of pressure, or 
diminutioa of temperature. And this reasoning agrees entirely 
with the results orexperinent, and is particularly confirmed 
by those of Sir James Hall and Mr. Watt, on the crystalliza- 
tion of rocks^ from fusion, by slow refrigeration. 

It is obvious that the particles of such ap imperfectly liquid 
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mass, will experleMe a much greater resistance to their mo« 
tioD ill the direction of the pressure to which thejr are sub- 
jected, than in any other; ana that the resistance will be least 
to movements taking place in directions at right angl^ to that 
of the pressure* Conseq|uetttly the process of crystallizatioa > 
will .faie soonest impeded in the direction of the pressure; and , 
the crystals formed will have their^ shortest axes in that line, 
and th^ir longest in the plane to which it is perpendicular ; 
and the whole mass will have more or less of. a lamellar or 
foliated structure, such as is observable in the clinkstones, 
gneiss, &;c. ; the laminae taking an arrangement peqiendicular 
to the direction in which the opposite forces of expansion and 
repression are exerted* It is hignly probable that the lamellar 
and foliated lava rocks owe this peculiarity of structure to . 
their having more or. less completely recrystallized within the . 
volcanic vent, during the continued predominance of the re- 

I^ressiveforcQ over, the expansive efforts of the more heated . 
ava ben^th. : 

§. 3. But of the vapour Hsonlained in a mass of lava onderu . 
going the process of consolidation, that portion only wilLbe . 
condensed which, cannot effect its absolute escme. : 

Inthose masses which are -consolidated, whether by pres- . 
sur^ or.lpss of caloric, beneath an ovierlyinffi crust ofwroeks,* 
or confined within a narrow fissure, as in the case ^.djkes^ 
little or no vapour. can effect its escape in any manner, and 
th^ wholq will, be condensed. 

The condensation.in either of these cases will be necessarily ^ 
yery slow, sMid the resulting rock proportionately cmnpact. 

In: those, masses of lava, on the contrary, which are consoli** 
dated by exposure to a fluid medium of g^reat rarity compared , 
to the elastic fluid which acts as its vehicle, a certain propor- 
tion of this fluid may be enabled to effect its escape,. in one or * 
both of the following methods, viz. 

I. By the ascent of the vapour in obedience to that eleva- 
ting force which consists of the difference of its specific 
gravity to that of the surrounding liquid mass. 

This rise will be accompanied by ;the agglomeration of4he » 
neighbouring parcels, in consequence of their mutual affinity, 
as t^eir mption brjiigs them within the sphere of exertion of [ 
this force. The more perfect the liquidity of the laya, thivt is, 
the finer its er^ip, jthe more nearly will these, compound par- . 
eels, or bubbles y BfipvQ9ich to.the 5j}A«r^a/. form,, the pressure ^ 
being the more completely equalized on all their ^ides. , 
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If the lava which contains them moves by the influence of 
its own gravitation in any direction, these hubbies will be 
drawn out, or elonsatedy in the direction of the motion. It, 
on the contrary, the motion already acquired is impeded by 
any obstacle, the bubbles will take the form of flattened 
spheriods, having their shorter axis in the direction of the 
impulse. These will be the necessary results of the pressure 
beinff diminished in the first case, ana increased in the last, in 
the direction of the movement. For the same reason, if the 
vertical pressure upon any of these bubbles is at any time 
diminished, their expansive force, taking effect in that direc- 
tion, will occasion a vertical elongation of the globule.* ^ 

As these bubbles traverse the lava, they are continually en- 
larged by the accession of fresh parcels of vapour, which they 
approach in their ascent ; consequently their volume will be 
proportioned to the space the^ have traversed, and this will 
depend in turn on the specific gravity and liauidity, or the 
fluidity of the lava ; which alone determines the velocity of 
their ascent, as well as the proportion of the whole quantity 
of vapour contained in the lava which effects its escape in this 
manner, to that which remains behind. (The latter quantity 
is always either exactly, or, less than, what is necessary to 
communicate a liquidity suflScient to permit this union of the 
several parcels in their ascent). Of this latter quantity a 
certain portion will subsequently escape in another and very 
different manner, which forms the second mode of escape. 

11. While the rise of vapour in bubbles requires a high 
degree of fluidity in the superior mass of lava this se- 
cond mode of escape is facilitated— -on the contrary 
by the lowest degree of fluidity amounting almost, ot 
entirely, to solidification. It takes place by the in- 
fluence of the expansive force of tne steam, which 
urges it in every direction where an avenue is afforded 
for its passage, either through the [}ores that are left 
in the external parts of the lava as it solidifies, or the 
' fissures that are formed by its contraction during the 

same process. 

The partial escape of the vapour in this manner, by dimi- 
nishing the elastic spring of what remains, acts in precisely the 

I . . . 

« Examples of these various forms are common in fined-grained lavas. 
The last is particularly exemplified in the obsidian streams of Lipari and 
Iceland. 

H • 
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same manner as its condensation, in producing the reaggre- 
gation of the disintegrated crystals ; but their reunion, in 
this case, usually occurs in too rapid atid tumultuous a mao- 
ner for the process of recrystallization to take place, and will 
therefore be irregular and nonconformable, (or ^nitpidal^) 
and more or less porous, little or no change taking place in 
the position of their poles. 

The porosity of the rock, that is^ the space occupied by the 
interstices of these crystalline particles, when reaggregatedbr 
the partial escape of the interstitial fluid^ will be determined 
by, 

1. The arrangement of the particles, whether more or less 
conformable ; the compactness of the rock being di- 
rectly proportioned to the parallelism of the proKimate 
crystaliitte surfiices* 

S* The average size of the crystalline particles. If these 
are uniformly minute^ the rock must be proportioa- 
Biely compact ; the small particles, by reason of their 
mobility, fitting closely into one another, so as to 
leave few or no interstices^ 

tf the grain is uniformly coarse, the interstices of the parti- 
cles will be lar^e, and the rock proportionately porous. 

If the grain is unequal, consisting of large crystals mer^d 
in a'basis composed of much more minute particles, which 
licts as their vehicle, the compactness pf the basis, will ,be {ffo* 
portioned to the comminution of its component particles. 

The comnactness of the imbedded crystals will also vary 
directly witn that of their basis: since in proportion to the 
liquidity of this basis (that is the fineness of its grain) will 
be the degree of pressure to which they are subjected previous 
to the consolidation of the surrounding mass. Aifler this has 
taken place, but not till then, the vapour fixed between the 

Elates of the larger crystals may also m part effect its escape, 
y percolation through the interstices of the enveloping sond, 
leaving the crystals Uiemselves more or less cracked, fibrous^ 
and disintegrated ; no pressure acting upon them to "bring their 
lamine again into complete contact. Hence the striat^and 
eraoked appearance of so many of the large imbedded crystals 
of the trap- rocks. 

The heat radiated from the enclosures 0f Itoese crystafer, 
after their contained vapour has partly escaped, may have 
produced that j^ttial ftision 6f their fibres which is oceasioft- 
ally visible, as in the trachytes of the Mont Dor, &c. ^ - 
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This solidifying process must begin from without^ and 
spread inwardly, witn a rapidity, and to a depth, proportioned 
to the porositjr of th6 rock resulting from the external con- 
solidation of the lava ; which, we have seen, varies directly 
with the size of its crystalline particles, and the irregularity 
of their mutiial arrangement. 

The depth to which the fissures penetrate that are formed 
bjr contraction as the mass solidifies, must obviously coincide 
with the depth of this process, and consequently follow the 
same law. 

Hence we deduce as a general propoeitioD, that 

The process of consolidation effected by the exudation of 
the vapour through the porous interstices of the outer 
parts of the rock already consolidated, proceeds from 
the exposed surfaces inwardly, in all directions, with a 
rapidity directly proportionate to the size and irregu- 
lar arrangement of tne component crystals ; and that 
the looseness of texture, or porosity of the rock is de- 
termined by the same law. 

The penetrating power of the elastic vapour, urged to 
escape in this manner, is probably very great ; and there are 
few of the granitoidal, or confusedly aggregated rocks, which 
are not more or less permeable to it. 

As a corollary of the above proposition, we observe that 
the compactness of a rock, supposing the size and arrange- 
ment or its cr^talline molecules fix;ed, will vary inversely 
with the quantity of vapour which escaped from it by exuda- 
tion. And again generally — ^that of the whole quantity of 
vapour generated in a mass of lava, the proportion that 
escapes, bv rising in bubbles^ will vary directly witn the specific 
gravity of the lava^ ceteris paribus ;— that which escapes by 
exuiatitm, with the size and irre^^ulat portion of the crystal* 
line particles ; — ^that which remains enclosed, and is eondenaed 
by pressure, varies inversely with the specific gravity, and ir« 
regularity, and directly with the size of the crystalline parti- 
des : and therefore will be inversely proportionate to the 
specific grayity, and comosinutieii, and directly to the con- 
lormablearrangem^Dt of the compound crystals, 

S^ 4» From the foregoing propositions we deduce the fol« 
lowing considerations, as to the conduct of a mass of lava pro- 
truded on the surface of the earth. 

h2 
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I. If its cr^talline particles average an extreme degree of 
comminution, and at the same time the specific gravity 
is at the mininum, the superficial crust that instanta- 
neously congeals upon e^cposure vfill be thin, com- 
pact, close-grained, and more or less glassy. The va- 
pours of the interior will unite perhaps into bubbles, 
owing to its extreme liquidity, but will not be enabled 
to escape by percolation through this crust, in conse- 
quence of its ^lose grain : nor to break it up by the 
n>rce of their ascent, sinpe, by reason of the low spe- 
cific gravity, this force vs at its minimum. Consequently 
the lava will intumeste considerably ; and the reaction 
of the confined rapours from the crust will create 
a pressure, by which their further expansion is pre- 
vented.* Such a mass will retain its heat very long^, 
cooling; down only by slowly transmitting its caloric 
(by radiation) to the surrounding bodies, and subsiding 

gradually as its contained vapours are condensed by 
e diminution of temperature. 

Its fluidity would be considerable, the extreme comminu- 
tionr^of its grain compensating in part for its low specific gra- 
vity.; and the vapour bubbles that form within it will there- 
fore be almost perfectly spherical. 

As it flows, tnese bubbles will be elongated in the direction 
of the motion. At the same time those parts in which the 
yapours had first collected into bubbles, will be likewbe 
drawn out, in the same direction, into lenticular masses, or 
zones, alternating with the intermediate or enveloping 
parts, in which the vapours remain fixed — these masses wiO 
oe still further flattened, by the slow subsidence of the mass. 
The. bubbles occasion a certain degree of resistance to the 



* The saiae ca«se that produces the vesicles in our loaves while bakio^t 
occasions those of obsidiant pomice, scQi'lae, and cellular lavas in genenyt 
viz. the generation of elastic vapour in a substance of imperfect liquidityt 
which is prevented from, escaping by the induration of a superficial crust 
on the outside of the mass. 

The mixture of butter in the dough 'destroys its cohesivenes. when ex- 
posed te heati— prevents the formation of an impervious crust^nrenden the 
substance |;ranuli^, and allows the escape of the vapour generated within jt| 
hy exudation. 

. Hence the different texture.of caket^ which may be compared to the largtf 
gained and porous trachytes, and bread, which resemnles close-grained 
and compact, or fine basalt, or obsidian currents. May I be excu^ tbis 
homely but apt illustration? 
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niotion of the enclosing liquid, and therefore those parts in 
which none exist^ will hear the appearance of having moved 
faster than those in which they have formed. 

In; the same^ manner. Whatever large crystals or fragments 
of unequal dimensions are contained in the lava, will be ar-< 
ranged by the friction of the moving mass, so as to have their 
longest axes parallel to the direction of the morement. 

Such are precisely the appearances of the obsidian currents 
of Lipari, Volcano, Iceland, Tenerifie, Bourbon, and the 
Andes. Whatiever crystals appear imbedded in these rocks, 
rendering them porphyritic, (pitchstone porphyries, &c.) are 
clearly not of subsequent formation, but existed in them prior 
to the emission of the lavas, as is proved by their broken, and 
half-fused state. The surface of these currents is usually ex- 
tremely vesicular and harsh, or in the state of pomice, which 
IS merely vesicular, filamentous, and highly disintegrated tra- 
chyte. 

Whatever ejections of scoriae accompany the production of 
such lavas, they will consist of pomice, &c. 

But it has been observed above, that the solidification of 
any lava by the slow condensation of its contained vapour, 
whether by gradual loss of temperature, or increase of pres^ 
Bure, creates <^ircumstances favorable to the exercise of the 
forces of aiffinity among the component particles, and we 
'should therefore expect some appearances of this process hav- 
ing taken place in tne case under consideration. 

Such an arrangement seems in fact to have occasioned the 
globular concretionary structure which characterises pearl^ 
'^tone ; and which is seen also in the fine-grained tracnytes, 
and traehytic porphyries, of Ponza, and Hungary. It would 
appear that the formation of these globular concretions requires 
^considerable freedom of motion amongst the particles, and is 
therefore favored by an excessive fineness of grain, and a low 
.pressure : their structure being more perfect .and frequent, 
according to these circumstances. When most complete, the 
globules are radiated from the centre to the circumference, s^s 
well as divided into concentric coats. 

This process is evidently a species of crystallization, the 
finer crystalline particles reuniting according to the laws of 
their affinity around some nucleus, which acts as a fulcrum for 
the crystals to turn upon. This nucleus is generally a minute 
pre-existent crystal, at other times a small solid grain of the 
glassy base. 

Tl^is partial recrystalliziition occasions a fine crystalline 
g^aip in the globules: which^ iVhen they have formedfrom ^ 
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lava disinte^ted, almost or enticelj) to it» intefprant mole* 
culesy (that is, in complete fusion) produces a strong contrast 
between their dull or lithoidal texture, and that of the glassj 
mass which envelopes them. Hence they have been called 
vitro*lithoidal globujes, or crjfstdUitesJ* 

These fflobular concretions seem generally confined to the 
felspathic lavas. This is obviously owing to the circumstance 
that this structure, requiring;; a low pressure, can only take 
place when the specific gravity of the lava is low. Occasion- 
ally, however, it is observable, in a less perfect degree, 
amongst the ^reystone lavas, when the disintearation has pro^ 
ceeded sufficiently far; giving rise to what has been called 
the varioUtic structure. This is frequently rendered visibly 
only by a commencement of decomposition, which, actin|; first 
upon the globular concretions, in which Uie felspar is in ex- 
cess, and reducing them to a sort of kaolin, gives to these a 
much lighter tint than the more augitic base. The globula^r 
^concretionary structure prevailing genemlly amongst the 
felspathic lavas, felspar is of course usually the mineral 
which has agglomerated in this manner by the force of 
its affinity. This is universally the case in the pearlstones, 
trachytic porphyries, &c. ; but where augite bore any propor- 
tion as an element to felspar, and the ^rain of Uie lava was 
sufficiently comminuted, the former mineral has occasionally 
concreted into globules, more or less imperfect, as in the wotr* 
ted clinkstones (phonolites tachetees) of Sanadoire, Mt. Dor, 
MerccBur, and Mezen ; of Helsburg in the Cobourg territory ; 
of the Mittcl Gebirge, and other parts of Germany. 

In the former case, the spots are light on a darker ground ; 
in the latter they are dark, and greenish, or grey, on a lighter 
ground. 

These |;lobular concretions have the same efiect which was 
attributed above to the vapour bubbles, of diminishing the 



* We know that when common glass is allowed to cool very slowly from 
fusion, a similar process takes place, concretionary crystalline globules are 
formed in it, which have been called vitrites. 

This species of crystallization is the same which gives rise to. the globu- 
lar pyrites of chalk and clays whkh usually collect around somepre-ezict- 
ent nucleus. 

The globular granite of Corsica is a dmilar instance in a more coarsely 
crystalline rock. 

^ The flints themselves of chalk are imperfect agglomerations of the ^me 
kind, all tending more or less to the globular form, when the force of gra- 
^ty and pressure did not intsri&ce too powerfully, during the kiqpertect 
liquidity of the ma^. 
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liduiditir of the laYa; and heacei if gfter tlus process. had 
taKeo place, it should continue in motion, or a fresh impulse 
should be .coihiounicated to the mass, the parts in which 
this structure occurs will move more slowly than the rest, and 
as in the former case, these parts will be drawn out into Ion/ 
$treaky or lenticular masses, enclosed in and alternating witJ 
zones of a finer grain, in which no concretions occur.* 

If a diminution of pressure accompanies the motion of the 
lava, the globular concretions will be more or less disaggre- 
gated by the vaporization and expansive force of the water 
they contain : in the same manner as the more perfect crystals 
of coarser lava. 

This disaggregation, together with the friction they sustain 
irom the more fluid substance which envelopes them, will 
perhaps disintegrate them further, and draw them out into 
long parallel zones or streaks in which all traces of the glo- 
bular structure will be lost, and which will distinguish them- 
selves from the intervening matter only by their coarser crys- 
talline, texture, and purer mineral composition, producing a 
ribboned and marbled aspect in the mass, and occasional^ a 
schistose, or lamellar structure. 

The different rates of fluidity of these different parts occa- 
sioned by the variations in the size of their grain, wilt often 
^ve rise to curvatures, and irregular contortions in the paral* 
el zone&-Uhese are sometimes of the most complicatea cha- 
jracten 

The trachytes of Ponza offer an example of lava-rocks, in 
which all the several stages of this process may be distinctly 
CoUowed* (See a Memoir on Ponza Isles, Geol. Trans.) 

II. If we suppose a higher specific gravity to be united to 
extreme fineness of crystalline grain, the fluidity of th^ 
lava will be proportionately increased ; and with this, 
the extent of its lateral spread, under the same circum? 
stances of slope and productive ratio. 

The bubbles of steam formed in the interior will also rise^ 
with a foree, and in a quantitv, proportioned to the specific 
gravity ; tossing up the liquid as they burst from its surface ; 
and since the rapidity of superficial congelation varies with 
the liquidity of the lava, (i. e. ijp fineness and irregularity of 
grain, ceteris paribus) the fresh surfaces, exposed by this jtu- 

* laslsaeetof this are comoiQa to^ll the pearlstoni^ of Huo§^ary, tl^e 
Ajidfis. Kamskatka. &c. 
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multuous agitation, will be instantly consolidated ; and the 
external parts of a lava current of this character, will present 
the utmost roughness and irregularity, bristling with glassy^j 
ragged and frothy asperities, so as to suggest the idea of a 
stormy sea congealed at the instant of its wildest agitation. 

Those bubbles which, by the suddenness of the superficial 
congelation, are imprisoned within the lava, will remain near 
its.surface, forming vesicular cavities, the size, number, and 
sphericity of which, will be proportioned to the specific gra- 
vity, and fineness of grain. 

Where these are at their maximum, large cavernous blisters 
may be formed, such as occur in the, lavas of Iceland, Bour- 
bon, Lanzarote, &c. Some of them will burst, and allow the 
escape of the steam through the aperture, previous to the con- 
solidation of the entire surface, but after the process had suf* 
ficiently taken place to prevent the falling in of the sides when 
the elastic fluid has escaped. The walls of these cavities, 
both on a small and large scale, exhibit in general the traces 
of a certain degree of superficial fusion, in a glassy varnisK 
which appears to be more or less remarkable, in proportion 
to the fineness of the grain, and. the size of the vesicles. The 
same kind of glazing appears on the exposed surface of the 
lava when rapidly consolidated. 

It may be accounted for perhaps by the consideration that 
the instantaneous vaporization and expansion of all the water 
contained in the superficial pellicle of lava, suddenly lowers 
its temperature at the moment of its solidification. In the 
next moment, therefore, the equilibrium will b^ restored, by 
the rapid transmission of caloric from the intensely heated 
lava immediately beneath, which must act upon the superficial 
pellicle, in the same manner as an increase of temperature 
produced in any other mode, and occasion its partial fusion; 
which will be the more easily accomplished in proportion to 
the fineness of its grain. 

.When the ve3icular cavities are large, pseudo-stalactitic 
protuberances of lava will form upon its upper and lower sur- 
faces, by means of the tenacity of the mass as it is forced 
'asunder; and if the lava contain solid crystals, or knots of 
any substance, the weight of these will occasion them to prop 
ject in lumps, or at the extremity of pendulous filaments into 
the interior of the blister. (As the oiivin masses of the lava 
currents of Lanzarote, described by De Buch.) 
. The large hollows that are frequently formed immediately 
under the upper crust of a loaf, when baked in a hot oven, 
afibrd a homely but apt illustration of these natural caverns^ 



Compactness of Lava — asperity of Surface. 121 

which are produced by the operation of extremely analogous 
causes. 

But in proportion to the quantity of vapour that escapes 
entirely in this manner^will be the compactness of the lower 
parts of the lava currleiit ; and therefore, with the same size and 
arrangement of grain, the compactness of the lower part of a 
lava current will vary directly with its specific gravity ; and 
vice vers&, when this latter term is fixed, the compactness va- 
ries with the comminution^ and regular arrangement of the 
crystalline particles. 

On the other hand the asperity, glassiness, and harshness of 
the surface, will vary directly with the compactness of the in- 
terior ; and since the sharper and more ragged the surface, 
the more brittle will it be, and the more easily must it yield 
to mechanical destruction, it is obvious why the upj^er parts 
of the older and compactest basaltic currents, having been 
long exposed to violent denudations, seldom present any re- 
mains of the scoriform and vesicular surface which they pro- 
bably once possessed. The results of the play of affinities 
which takes place during the consolidation of such a lava will 
be considered in the next section. 

III. When the specific gravity of a lava is high, but its 
grain more or less coarse, as well as irregular, its 
fluidity, and the lateral extension of the current is 
proportionately reduced, and its bulk of course in- 
creased. 

The crust that in this case forms by superficial consolida- 
tion, is more or less thick, massive, and porous ; a certain 
proportion of the vapour escapes by percolation and through 
the cracks of retreat, which are wide and deep in proportion 
to the size of the grain. — But owin^ to the high specific gra- 
vity, the bubbles formed in the interior may still possess a pow- 
erful force of ascent ; and will therefore, as they rise, break up 
the outer crust into flat, thick, and scoriform cakes or solid 
angular blocks. The contraction of the mass, which produces 
freah horizontal fissures at right an&^les to the vertical ones 
first formed, assists in breaking up the surface ; and. the mo- 
tion of the lava still, flowing or rolling on below istill further 
displaces the fractured crust. Hence, the surface of such lava 
currents will be extremely rugged and uneven, presenting 
rude heaps of shapeless and fissured blocks, suggesting no 
idea of a previous liquidity, but resembling rather the rocky 
^ebris of a shattered mountain. Such in met is the aspect of 
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att:^ cparse-graiMd basaltic lavii 4iurtfptM wldck cover the^ 
slopes of Mina, and Vesuvius, of the cheires deCbme aud da 
Nugdre in Auvergne^ and of many o( tbe lava curnents of the 
Puys bruip of Bourbon. In the latter spot the contraiit be- 
tween the rude and ruined surfa^ of the coarse-grained lava- 
sAreaais ; and the smooth, and, as it wer^, varnished, outside 
of the finest grained,* aflbrds a strong confirmation of the 
prt nciples on which we are proceedinff. 

The compactness of the ipterior of the current will be di- 
rectly proportionate to the quantity of vapour that efiects its 
escape in bubbles, and inversely to that which escapes by 
percolation, consequently it will vary directly with the spe* 
cific sravity and fineness of grain. 

When the comminution of the grain bears so small a ratio 
to the specific gravity of the lava as to prevent the lascent and 
absolute escape of any«team, except in bubbles from the 
immediate neighbourhood of the surface, the vapour below 
may still uaiite into irregular compound parcels, which will 
remaija disseminated through the mass^ more or less generally, 
in proportion as they have been permitted, or not, to rise Irom 
the points on which they were formed ; producing the small 
cellular cavities of indeterminate and often angular forms, 
which .charaictedse many cellular lavas (as for example those 
of Yiolvic and the Pay de Come, and that used as buildings 
stone at Mont Dor les Bains in Auvergne; that of la Scab, 
at the foot of Vesuvius, &c. 

. ly. A still lower specific gravity joined to considerable 
coarseness of crystalline grain, will wholly prevent 
even the union of the parcels of free vapour into bab- 
bles, and preserve them uniformly disseminated through 
the mass, between the disintegrated crystals, whence 
they slowly escape by percolation, as the mass conso- 
lidated from without inwardly; leaving porei, i.e. 
minute irregular interstices, between the crystalline 
particles, which unite in a confused and irregolaff 
or gnanitoidal manner, as their elastic vehicle 
escapes. The fluidity of such a lava is extremdy 
low : and the bulk of the currents or beds, in which it 
is disposed, proportionately great. Such are all the 
loose earthy Trachytes; the Lava Sperone of the 
Alban hills, the Pietra di Sorrento, and Pipemo, of 
Naples, &c. 

• avry de 8t. Vi^cint. 



Previous to the fipli^o^ituw 6f a.Uya of thiB nstiird, a 
separation of the different com|MHient tainerals appears ocoa* 
sionally to have taken place ; exactly sinilar to tnat conercr* 
tionary process by wluch flints were formed within chalk, 
isolid marl-balls, or fine-sandstones, withia clay. Thus in tibe 
lava-rock called Piperno, of Pianura, and the Pietra di 
Sorrento, near Napies, as well as ia the lava Sperone, and 
that of St. Agaia, on the road to Rome, the finer particles of 
augitic matter have agglomerated into innumerable impure 
and irregular concretions, within the mass of the rock, which 
is pfincipallyfelspathjc. In the disposition and aspect of these 
masses, a strong confirmation is afforded of the views dis- 
closed above, on the conduct of lavas of difiWent qualities. 
Thus, while die felspathic base is of loose texture, and ex- 
tremely porous, the augitic concretions are finer grained, and 
comparatively compact, and, from their superior specific gra- 
vity, filled with vesicular cavities, instead of irregular porous 
interstices. The form of these masses is either lenticular or 
venous; their shortest dii^ension being in a vertical direction, 
and their longest in the direction in which the mass flowed. 
The subsidence of the mass during its consolidation, was pro- 
bably also in part the cause of the horizontal extension of 
these nodules. Their eloi^ation in the direction of the cur- 
rents, as well as the vesicular cavities produced by the ebul- 
lition of their aqueous particles, prove the concretionary 
separation to have preceded the settling of the lava in its 
present position. 

Y. When the specific gravity is equally at or near its mi- 
nimum, but the size of the component crystals still 
coarser, that is, less disintegrated ; the greater pro- 
portion of the vapour will remain fixed, and therefore 
will be condensed, by gradual cooling, being unable 
to efiect its absolute escape in any manner ; and con- 
sequently the resulting rock will be more compact, 
and freer from pores. 

If the arrangement of the crystals be irregular and non- 
conformaUe, the fluidity of the lava will be at its minimum ; 
as in the large-grained Trachytes, Syenites, Diallage rock, 
granite, &c. But should they be conformably arranged, the 
lava may possess a considerable fluidity in the direction of 
the longest plane surfaces of the crystals, as appears to have 
been the case mth the trachytic clinkstones.^ 

' t III .. , M I , , f I I . . 

* And pcarliaps with gneiss, .«ad the other sduslose crystalline rocks, ^c. 
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In the former case^ the lava, when protruded on the sur- 
iace of the earth, may remain almost perpendicularly above 
the vent, and have scarcely any, or no, lateral spread. In 
the latter, it may assume the disposition of hummocks, sheets, 
or \6iig extended currents. 

yi. When the rock has been scarcely, if at all, disin- 
tegrated, being elevated, en masscj in a solid state, by 
the expansion of lava at a great depth beneath (after 
having been gradually cooled down by the parting 
with its caloric ; or, perhaps, when preserved from 
ebullition, though at an intense temperature, by the 
weight of the solid noncrystalline overlying strata 
(schists, sandstones and limestones), which it supports, 
and raises by its own elevation); in such a case, the rock 
will cool down superficially, gradually transmitting its 
caloric to the outer strata ; and its contained vapours, 
if any, be by degrees wholly condensed. It will be 
then entirely compact, and void of pores, and preserve 
nearly the same characters as previous to its elevation. 

It is, I think, probable, that many very considerable masses 
of crystalline rocRs occurring on the surface of the globe, for 
instance, many granites, sienites^ and perhaps porphyries, 
and even some trachytes, have been elevated to their pre* 
sent situation in this manner. The facts confirmatory of thid 
idea will be found in a subsequent chapter of this essay. 

§. 10. The vapour that escapes by percolation from lava 
masses through the pores and crevices of the outer and al- 
ready consolidated part, is generally found to be accompanied 
by a variety of mineral substances, m a state either of solution, 
or sublimation ; or finally as permanent gasses. These sub- 
stances, it has been already observed, are not discoverable in 
the vapours that rise in immense volumes from lava immedi- 
ately upon its protrusion; and which appear to be either 
purely aqueous^ or to contain but a very small proportion of 
mineral matter. But, as the quantity of steam evolved di- 
minishes, and is at length reduced to thin columns, or fuma'^ 
role^ that are exhaled from the narrow and intricate crevices 
of the superficial lava, the proportion of extraneous sub- 
stances that accompany it is found to increase. Upon coming 
into contact with the external air, a certain proportion of the 
steam is condensed by refirifferation, and deposits most of the 
substances it holds in solution, on the sides and edges of the 
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fissure. The principal of these are the sulphuric, muriatk, 
and carbonic acids, either in a state of purity, or combined 
with various alkaline or earthy bases. 

Amongst the latter, the sulphates of lime and ammonia, 
soda and potass, the muriates of soda and ammonia and the 
carbonate of soda predominate. It appears probable that the 
first of these acids is occasionally, if not always, formed on the 
spot, by the union of a part of the sulphur, conveyed in the 
aqueous vapour, with the oxygen of tne atmosphere. The 
remaining sulphur, when it is produced abundantly, is depo- 
sited in a state of purity, in angular or octohedral crystals, or, 
when most copious, in stalactitic concretions, at the edges of 
the orifices, and those neighbouring points where the vapour 
in which it is suspended, undergoes condensation. 

The compounds of boracic acid are rare. 

The metallic sublimations are condensed in the same man- 
lier on the sides of the fissures of escape. The most frequent 
of these is specular iron. The muriates of copper and iron 
and sulphuretted arsenic are occasionally found in similar 
situations. 

it is no easy matter to determine the origin of these dif- 
ferent substances^ and to distinguish those which were origi- 
nally contained in the lava, and are merely volatilized from 
the. expansion afforded them by the formation of the fissures 
of retreat, and the escape of the elastic vapour by which they 
were repressed, from those which are the product of the dif- 
ferent chemical combinations operated during the consolida- 
tion of the lava, between its various elements and those of the 
water, which may be partially decomposed during its perco- 
lation. Soda, potass, lime, and iron, are constant ingredients 
in almost every variety of lava. Chemical analysis has occa- 
sionally discovered in them, ammonia, bitumen, and muriatic 
acid. Sulphur in combination with iron or copper is also fre- 
quently present. 

These substances when brought into contact by the motion 
and aggregation of the lava at an intense temperature, will 
necessarily act upon each other, and give rise to various com- 
binations which rise in a vaporized state, or are dissolved in- 
stantly by th^ aqueous vapour, which ascends with them from 
the interior of the lava. 

The intense beat of the lava in the interior of the mass is 
sufficient of itself to effect the decomposition of some of its 
ingredients, as the pressure occasioned by the expansive 
force of the interstitial fluid is diminished by its expansion 
and partial escape through the pores or fissures of the solid 
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surfaces ; and the prorressive increase of these mineral com- 
pounds in the exhaled vapours, as the lava cools down, that 
IS, as the elasticity of its confined vapour is diminished, war- 
rants the conclusion that such a decomposition is, in realitj, 
the immediate cause of their production. The specular iron^ 
so frequently met with in lava*rocks, is evidently sublimed by 
this action, and it is remarkable that it is always found in the 
upper parts of the bed or current; and, moreover, that where 
the fissures or interstices of any lava rock are lined with an 
abundance of this mineral, the lower parts of the rock do not 
influence the magnet, bavins^ obviously lost all, or the greater 
part of their iron by sublimation. In many of the currents of 
^tna, the upper parts, which are at the same time very 
porous and cellular, contain much specular or oligistic iron ; 
while on the contrary the lower and compacter division 
atiounds in magnetic iron, in grains, or octohedral crystals. 
Here the magnetic iron originally contained in the central 
and upper parts of the current, has been evidently volatilized, 
and deposited again in the form of specular iron, while that 
of the lower part, from which little or no vapour was enabled 
to escape by percolation, remains unchanged. 

In the same mannerthe other mineral ingredients of a 
lava are occasionally volatilized, and again deposited, tiot 
tinfrequently under new combinations and forms in the cavi- 
ties of the lava, as its temperature is gradually lowered. 

This was in all probability the origin of those delicate^ 
and often capillarv crystals of hornblende, augite, melilite, 
and other minerals, which occur in the cellular cavities or 
many lava rocks. (Capo di Bove^ &c.) 

Crystals of augite are also said to have been formed by 
sublimation in the interior of some of the houses of Torre del 
Greco, destroyed by a current of lava in 1794.* 

The substances taken into solution by the aqueous vapour 
are often also deposited in a similar manner, either in crys- 
tals, or stalactitic and mammillated concretions, which line 
the interior of the vesicles, or the interstices of the mass. The 
minerals found in this situation are principally eitl|er siliceous, 
or calcareous, consisting of carbonate of lime, calcedony, fio- 
rite, and some of the numerous varieties of the zeolite family. 
They, all bear the character of having been deposited from 
aiqneous solution. We know indeed that water at a high tem- 
perature, and particularly with the assistance of soda, readily 
takes both silex, and caroonate of lime, into solution. 
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tt 18 obvious, therefore, how the aqueous vapour, ih its 
passage through the lava, whether by percolation, or in the 
form of bubbles, may become impregnated with either, <nr 
both, of these ingredients ; and when prevented from an v fur- 
ther escape, may force these substances, as it is gradfually 
condensed, to crystaHize on the sides of the containing cavity. 

Sometimes the water remains in the centre of this geode 
accompanied by a portion of some permanent gaseous fluid, 
as in tne Calcedoniesof the Monti ^erici, and m the cavities 
of numerous quartz crystals in granitic rocks. In general 
the water has escaped, probably by filtration, towards the 
lower parts of the inass after these had been entirely consoli^^ 
dated. During this filtration, it perhaps continued to deposit 
the substances it still retained in solution in the cavities, 

I^ores, and minute fissures, through which it slowly perco- 
ated ; and hence, it probably is, that many of the celliilar ca- 
vities of these rocks,, have faieen entirely filled with the calca- 
reous or siliceous deposit; which could not have been all 
held in solution by the minute quantity of steam, to whose 
expansive force the original formation of the vesicle was 
owing. 

In many cases the subsequent filtration of water, carrying 
jn solution mineral particles from overlying rocks, may have 
produced the same eflect. This is particularly credible with 
respect to the amygdaloidal basalts, which are found so fre-* 
quently underlying calcareous strata, or in such positions as 
make it probable that they were once covered by them, and 
which therefore were consolidated beneath an ocean of water 
holding calcareous particles in suspension. 

The sulphuric and muriatic acids which are evolved in a 
state of freedom, when deposited by condensation on the lava 
which forms the edges of the crevices of escape, act upon its 
substance, and give rise to fresh changen. The sulphuric 
acid uniting with the alumine of these rocks, produces a sul- 
phate of alumine, which is often carried away by the rains 
and deposited in vast accumulations in lower situations. The 
mining operations of the different alum-works of Hungary, 
Italy, &c. are carried on in deposits of this nature. 

The sulphuric acid uniting with the lime, produces a gyp- 
seous efflorescence, which is often found coating these decom- 
f^osed lava-rocks, in considerable quantities. The iron of the 
ava is either attacked by the acid, and aggregated into crys- 
talline, or concretionary pyrites, disseminated through the dis- 
iutegrated rock ; or assuming various degrees of oxydation, 
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stains it with stripes of different shades of brown, yeUoTf, red, 
green and blue. The silex alone remains untouched, and 
wjien all, or a large proportion, of the other ingredients have 
been washed away, the lava appears occasionally changed 
into a light, harsh, carious, and highly siliceous rock, bearing 
no resemblance whatever to its original character. Where 
the exhalation of vapours strongly impregnated with this acid 
have continued for a great length of time, the change thus 
effected in the neighbouring rocks are, from the continued 
shifting of the fumaroles, extensive and remarkable, and have 
acouired for such spots the common appellation of Solfataras 
or oouffri^res. These usually are found in the interior of a 
volcanic crater, as might be expected ; since the evolution of 
▼apours from a current of lava that has flowed away from the 
volcanic vent upon the surface of the earth, must be extremely 
limited in quantity and duration ; whereas, after most erup« 
tions, a vast body of heated lava must remain beneath the bot- 
tom of the crater, in which the process of solidification goes 
on slowly for an indefinite, and often very Ions; period, afford- 
ing a continual source of aqueous vapour, charged more or 
less with various mineral substances. 

§. II. When the superficial parts of the mass of lava under- 
going consolidation have cooled down to the temperature of 
the atmosphere, or when its vapours escape through fissures 
in solid overlying rocks of any heterogeneous nature, and at a 
low temperature, they are more or less condensed by refrige- 
ration, before they issue into the air, and make their appear- 
ance in the shape of springs of water at a variety of elevated 
temperatures, occasionally even many degrees above the boil- 
ing point. 

Tnese hot springs are common in all volcanic districts, and 
in those where any more energetic external development of 
volcanic action has been long wanting, are the only indications 
of the still remaining activity of the focus below. There 
can be no doubt that the quantity of caloric which is enabled 
to pass off through permanent fissures, in this way, materially 
contributes to maintain the outward tranquillity of this sub- 
terranean focus. 

. It maj^ be even conceived highly credible that this regular 
and placid transmission of caloric, maybe exactly proportioned 
to tne supply constantly communicated from below to the 
volcanic lava-reservoir ; and by thus preserving the focus at 
an uniform temperature, may entirely prevent that accumu- 



latton of be&ty by irtiicfi alone fresh eruptions could be pro- 
duced. 

The Quiescence, or what is usually called the extinction of 
these volcanic foci, will then have been occasioned by the pro* 
duction of the fissures through which the excess of caloric is 
thus enabled to escape in combination with water. 

The water ortherinal springs holds in solution the' various 
mineral substances, which, in the form of vapour, it carried 
upwards from the heated lava below.* Some of these are de- 
posited immediately on its coming into contact with the air, 
while others remain permanently combined with it. The sili- 
ceous^ sinter deposited bv the hot spring of Iceland is well 
known, ias well as the calcareous incrusting springs of nume« 
rous.volcanic districts, (Auvergne,La Tolfa, that of the bridge 
of the Incas in the Andes, &c.) 

Even when the latter sources no longer retain any elevation 
of temperature, and derive from rocks which do not present 
any inaications of recent volcanic action, there is still reason 
for supposing them to have the same origin as the hot springs, 
but to have parted with more of their heat b^ a longer passage 
through cola rocks, and perhaps by their mixture with other 
superficial springs of atmospheric origin. (Derbyshire, &c.) 

Where on the contrary the traces of volcanic action are re« 
cent, and the intensely heated lava very close to the surface 
whence the springs issue, the curious phenomena of intermit- 
tent fountains are sometimes produced, such as aflTord so mag-^ 
nificent a spectacle in the Geysers of Iceland.t 

Hot springs of a similar character are also produced by the 
filtration of atmospheric water through the crevices or inter- 
stices of a mass of lava not yet cooled. An example of this 
occurrence on the large scale is afforded near the volcano of 
JoruUo in Mexico. The rivers Cuitemba and San Pedro 
which lose themselves on one side, beneath the vast sea of 



• From Ihe heighls of the volcanic mountain of Puracd (Peru,) there 
flows a rivulet so strongly impregnated with sulphuric acid that the inhabit 
tants call it Vin^^ river, and no fish are found in it till four leagues after 
its joiiction with the Caaca. 

The other volcanos of Popayan and Pasto evolve also copiously hot. va> 

KUrs abounding with sulphuric acid, and accompanied by sulphuretted 
^ drogen gas. iHumbolity Voyage Bistorique.) 

+ The theory of these springs has not been very satisfactorily cx-s 
plained. The following considerations will perhaps sufficiently accounJ^ 
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Uvath^t forms tbe Malpayi,* Usue on the opposite side, as 
permanent springs of large bodies of water, at an elevated 

for their pbeuooieDa. The lavas of Iceland are replete vith hollow blisters 
or cavenn. Let us siippoae C such a cavity in ■ vast bed of bested lava, 
which maj be either isolated and cooling slowly, or connected with the 
vvkanie focus below, and receiving « coostant supply of odoric ^om 



tbettee. l*be steam emanating From omneroDs fissures, a, h, e, d, e, &e. col- 
lects ill C and 19 partly condcused into water by the pressure of the column 
in the fissure of discbarge, A. B. The increasiug temperature of the fioor 
and sides of the cavity, aad the ai-cumulBtion of steam evolved bj the feed- 
ers, M,b,c,d,&c. augment the expansive force of the steam collected iaC 
tjll it at length overcomes the resistance of this column of water A B, and 
discharge!! it from the orifice A. As the water issues from A. the prasare 
on the steam in C is diminished, more of the water D E is vaporised, and 
the ratio of its expansive force to that of repression in the column A B, 
'increased. The jets therefore that are thrown up from A must augment in 
violence. As tlie water decreases still more in quantity, some of the stekm 



' Vide Appendix, No. i. 
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temperatare. When Humboldt visited JoruUo in 1804, forty-six 
Years after the eruption by which the lava was produced, their 
temperature was 52 cent, but I understand, from the authority 
of Mr, Bullock, jun. who has recently visited the spot^ that they 
liave since that time been lowered copsiderably, in oonseqiience 
of the refrigeration of the lava bed through which they flow, 
jand are now scarcely more than a.few degrees above the mean 
temperature of the air. 

At Bertrich-bad, in the territory of Luxembour^^ a ther- 
mal spring rises immediately below a spot on which three 
proximate vents of volcanic eruption were formed at no very 
distant period; and probably owes its qualities to having per- 
colated through part of the. focal lava reservoir of these erup- 
tions^ not yet entirely refrigerated. It may be suspected thai 
the temperature and mineral nature of this spring has pro* 
ffressively diminished. It is at present below bloof-heat, and 
pas as nearly as possible the taste of pure fountain water* 
Jn earlier times its thermal and mineral qualities must have 
been more striking to hayeacquiredfor.it the great reputation 
which it formerly enjoyed as a bathing-place. . 

, §. 1$. The permanent ^ses that emanate from: the :cre vices 
pf lava, during its consolidation, are less palpable, and not so 
easily recogniased, mixing of course immediately with the at- 
mospheric ^ir, and leaving no traoe of their existence. 

Those which have been occasionally observed are princi- 
pally the carbonic acid, azote, and sulphuretted hydrogen 
^sses. 

The first of these gasses was detected by MM. Monticelli 
and Covelli, in the exhalations from the fumarole of the lava 
of Vesuvius while still visibly incandescent. The same gas, 
iningled perhaps with azote, o'equently escapes in very consi- 
derable quantity from numerous crevices in the sides of a vol- 
canic mountain immediately after the termination ofanerap- 
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escapes tbs^ether with it, and at length, when all the water has been driven 
out, the whole remaining body of steam issues in one powerful burst. 

Bat by the evaporization of all the water it contained the temperature 
of the cavity C. is reduced to the boiling poaat in ithe pressure ot the at- 
mosphere alone ; and its sides proportionately refrigerated- The vapour 
therefore, that rises from the feeders is condensed into water, and collects 
at the bottom of the cavity in B. This water rises in the pipe A B, as the 
steam accumulates at C, preserving an equilibriuo^ with its expansive 
force, until the equilibrium is broken by this latter having acquired suffi- 
cient power to discharge the water from the orifice of the crevice A, when 
the poeaomena of aqueous eruption recommence. . . ■ 

I 2 
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tion, tfaal 18, when the crater or central aperture of €bdBif^ di 
completely closed. 

Tnese niephitic emanations are extremely destructive to 
vegetation, iind do great injury to the plants growing neaY 
the points from which they proceed. During the great erup- 
tion which eonvulaed the island of Lancerote in 1730^—1734, 
these exhalations appear* to have been equally deleterious to 
animal life ; all the cattle of the island are represented to 
have been suffocated by them. M. Hubert, as quoted by 
Bory de St. Vincent, mentions that during an eruption of the 
volcano of Bourbon, he observed seven or eight birds, flying 
at gun-shot height above the current, drop suddenly, as if 
^' asphixiis,'* upon its surface the moment they entered the 
cloud of vapours that emanated from it. This circumstance 
lends some colour to the fables related of lake Avernus, which 
is certainly a volcanic crater of no very ancient date, and from 
whence carbonic acid and azotic gasses may once have been 
so copiously exhaled (rising through the atmosphere in comw 
sequence of their elevated temperature) as really toaffiei^t the 
birds that flew over it. It is much more probable that thte 
fiible should be founded on a fact of this kind, than that any 
fortuitous invention of a poetic imagination should coincide 
so well with known phenomena. The banks of the Las^ 
D'Agnano in the immediate vicinity of the Avernus still ex- 
hale carbonic acid gas, as well as sulphureous vapours, on 
many points. 

§. IS. The period that intervenes between the deposition 
of a bed of lava upon the surface of the earth, and its com- 
plete refrigeration, that is, its attaining the mean temperature 
of the atmosphere, roust be determined by the combinatiods of 
numerous circumstances, such as 

« 

I. The figure of the mass. It is obviousr that the more 
equal its dimensions in every direction, the longer will 
the central part retain its heat; and, vice versft, the 
greater the superficial extent of the bed in proportion 
to its thickness, the more rapid will be the process 
of refrigeration, — other circumstances remaining the 
same. 

il. The situation of the bed ; bv which it is more or less 
exposed to the influence of refrigerating media— -such 
;a8 currents of water or air, Sec, ; and the conducting 
powers of the solid masses i^ith which it is in contact 
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III. The tendency of the lava to part more or leas rapidly 
with its caloric, either in combination with aqueous 
yapour or bj radiation-dependent upon its compact* 
ness, and perhaps its mineral composition. 

We have already seen that the coarser the grain of the lava 
«nd the more irregular its disposition, the greater the quan* 
tity of vapour that is enable to escape by percolation ; and 
the more rapid therefore, ceteris paribus, will be its solidifi* 
cation. 

The loss of calorie by radiation follows perhaps the inverse 
ratio, since the conducting powers of the mass will be pro« 
bably proportioned to its compactness, and therefore to the 
fineness of its grain, or the regularity of its disposition. 

Under favourable circumstances a body of lava will retain 
an intense heat and liquidity in its interior, during a very long 
period. 

Sir W. Hamilton lighted small strips of wood, hy inserting 
thein into the fissures of a lava current from Vesuvius, nearly 
four years after its emission. Currents of JEXnvL are men- 
tioaed by Ferrara and Dolomleu as still moving down the 
•ides of the mountain ten years after the eruption by which 
they> were produced, and other as emitting* vapours 96 years 
after their eseabe frqm the volcano. In the case of JoruUo^ 
alwidy cited above, a massive bed of lava appears to have 
retained an extreme internal heat, attested by the exhalation 
pf steam in considerable quantity from numerous fissures in 
altnost every part of its surfiice, till within a very few years, 
though the eruption by which it was emitted dates from 1759, 
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CHAP. VI. 

.DivisiQnarjf Striicture assumed by Lava on it^ 

Consolidation. 



§• I. Both the partial escape and gradual refrigeratioi> of 
the interstitial fluid, by diminishing the elastic spring of what 
remains in the lava, brings its solid particles into closer unioii: 

Ab they approach within the doe distances, their mutnal at-^ 
tractive forces are developed, and cause them to aggregate 
together (condensing the intermediate vapour) into a solid 
raas9, which will be more or less porous according to the size 
of the crystalline particles, ana the previous irregularity 
of their polar arrangement. This aggregation cannot take 
place without occasioning a shrinking, or diminution of 
volume. 

If this process commence in the centre of a liquid hodyj 
which will yield from all sides towards the part that con* 
tracts, no separation of parts will ensue* Such is the case 
when a mass of lava is consolidated by external pressure ; 
the globular concretions then formed are not separated by any 
crevices. 

But if the process of consolidation begin at the surface of a 
mass, as is always the case when it is effected by contact with 
either a rarer or colder body, the tendency to contract is ex- 
erted with equal energy on all points of the then superficial 
layer which is undergoing the process. The action of the 
contractive force in a direction perpendicular to the surface, 
effects no rent ; since the lava that remains much more per- 
fectly liquid beneath this surface yields or subsides freely in 
that direction ; but on the contrary, that portion of the con- 
tractile force which is exerted in the plane of the surface, or 
in one parallel to it, is opposed on any one pbint by the con- 
temporaneous shrinking of all the surrounding parts. 
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By the action of these opposite forces the layer miist be 
divided, by a greater or less number of rents, into distinct 
portions, in each of which the individual force of contraction 
overcomes the opposite contractile forces of the proximate 
parts. In each of these portions, therefore, a centre of at- 
traction establishes itself; the crystalline particles that 
occupy the centre remaining stationary, while those that sur- 
round it are drawn more or less from all sides toWards the 
centre. The rents or fissures of retreat will be obviously 

{perpendicular to the plane of the surface at which the conso- 
idation commences, and are produced along those lines in 
which the contractile forces of the proximate centres of at- 
traction balance^, one another. If the process was perfectly 
contemporaneous throughout the whole layer, and its sub- 
stance completely uniform, it is clear that the points on 
which the centres of attraction establish themselves would be 
symmetrical and equi-distant, and their contractile forces per- 
fectly e^ual. 

In this case all the spheres of attraction would be equally 
similar in size and form, and would arrange themselves as 
closely as possible, that is, in the manner of the cells in a 
boney-comb, or as the circles in fig. 19. 

§ 

Fig. 19. 




The fissures of retreat produced by the contractile force o^ 
all the spheres, acting contemporaneously, must evidently 
therefore divide the consoKdatea layer into hexagons ; «acni 
straight fissure being tangential to the opjposite spheres of at^ 
traction between which it is formed. 
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S* 9. Bat since the liquiditj of the.Uva beneatb. this siiptr^ 
Hcial layer allows it to yield to the contractile force acting in 
« direction perpendicular to the sur&ce, no fissure wilt be 
p)roduc6d parallel to that surface ; but bj the continued pro- 
pagation inwardly of the process of consolidation, the fissures 
oT retreat already formed will be prolonged towards the inte- 
rior, and must divide the mass into so many hexagonal 
prisms ; in each of which the line described bv the centres of 
attraction forms the axis.* The diameter of the hexagons, or- 
the distances of the proximate centres of attraction, will vary 
inversely with the intensity of the attractive force, and there- 
fore^ with the circumstances which favour the activity of this 
force, viz. the slowness of the consolidating process, and the 
mobility of the solid particles. But in all lavas the roughness 
and irregularity of the outer surface prevent the uniform pro- 
pagation of the process of consolidation in true planes ; and 
their substance can never be completely uniform ; hence cooi* 
stant irregularities must arise in the diameter, and ^n the 
i)umber and length of the sides of the polygonal prisms iqto 
which the mass divides itself; it is, however, a well kn(>WQ 
fact, that their figures usually oscillate about th,e hexagon ;. 
and that the more well-defined the columns, the ^lore nearly do 
they approach to the true hexagonal prism. It is obvious 
that the greater the liquidity of the lava, and the more 



* It has been denied that the prismatic configuration was produced by 
contraction of the mass, the denial being grounded on the assertion that 
the prisms are often in such close contact, that it is impossible to insert a 
knife or a sheet of paper between them. 

It must be recollected, however, that the force hj which the contraction 
is produced acts onlj^ within the most minute and imperceptible distances, 
and that a space consisting of a great number of these distances, may yet be 
idmost insensible to our powers of observation. It is also certain that the 
fissures <yf retreat are subsequently narrowed, and often filled up by infiltra- 
tions, usoally of iron oxyde, which are deposited on the surfaces of the co- 
lumns. The reality of the contraction, and the extraordinary force it 
exerts, are attested by a circumstance which I had an opportunity of ob* 
•erving at Burzet in the Vivarais. The basalt of this locality contains 
numerous large knots of oHvin, often of the size of a fist; it is at the same 
time very regularly columnar, and the columns are in very close contact. 
Tet it mis happened in many instances that the fissures of retreat have di- 
vided one of the large olivin nodules into two ; half being enclosed in one- 
j^olumn, and the omer half in another proxjmati^ column. Though ^e 
division is complete, and the fracture 'surili'ces smoothed probably by time, 
and aqueous filtration, they ccnrrespc»iid no completely trat it is impossible 
Up dgubt their former uni^n in the Same nodule. Their separation eaa 
taly be accounted for by. a powcr/ul conivacUle force exerteid during Iha 
formation of th« columns. 
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Ipmaoge neeug its substance, the more unirornily will tlie 
force of attraction be dispersed through it ; and also that 
tile more slowly the consolidation is propagated, the greater 
will be the regularity with which the centres of attrac- 
tion arrange themselves. And this accords entirely with the 
known iact, that the most perfect columnar division has al* 
ways taken place in the interior, and generally in the hwesi 
part of the lava current, and particularly where any consider- 
able aecnmiilation of the liquid has been formed in some con- 
eavity of the underlying surface; that is to say, exactly on 
those parts which cooled most slowly; and again, that the 
regularity of the ecdumnar structure is, ceteris paribus, pro- 
||ortioned to the fineness of |^rain,and homogeneity of the lava | 
fiinee, wherever the consolidation was suddenly eflfected, the 
prismatic masses circumscribed by the fissures of retreat must 
oe rude, dnpeless, and iregular. This will uniformly be the 
case with the outer and exposed parts of the current ; and 
when the grain of the lava is extremely coarse and irregular. 
it will happen even in the interior, since its solidification will 
.be rapidly effected by the percolation of the elastic vehicle 
through the pores and fissures of the upper part. 

Hence has arisen the error which has so long and so gene- 
rally prevailed of supposing the prismatic configuration to be 
solely confined to the earliest lava-rocks. In reality this 
structure is common to the interior qf the lava masses of every 
age whose composition and circumstance^ of liquidity anc| 
disposition were favourable to its production. Such masses^ 
when of an early date, have been worn through, denuded, and 
excavated, by long exposure to aqueous erosion, and other 
destructive processes ; owing to which the prismatic configp? 
ration of their interior has bee^ disclosed to view ; while, in 
the currents of modem volcanos, such opportunities of observ- 
ing their internal configuration a>e more rarely afforded. 
But where this is the case, as in the sections afforded by the 
dfeep ravines, or vertical cjiffs of .£tna, Iceland, Bourbon, aiul 
even Vesuvius, the most regular columnar structure is often 
observable, even in lavas of which the date is known.* 

The consolidation of lava, occupying fissures of a solid 
rock, (dykes or veins,) must take place entirely by the con- 
densat^n . of the int^rs^tial fluid, and will be much more 

—WP— ■ ■■■ 1 11! I ■■ I 1 I ■■ ■'■'■■ ■ ■ ■■■! ■■ ■■■■■■■ II 

* The basaltic rock of La Motte, near Catania, is regularhr columnar 
in the interior, and exhibits this structure on one side, where it nas suffered 
frcat de2;ratii>n from the waves of the sea t the other sides, as well as tKe 
mahet^ are anarphooii. F«rrara, Campt PMegxei, p« ^a«. 



} A Diverghg and ahacrging Gro6p$ of Oolumm. 



dowly' effiwted than that of a. body oi lava < , 
perficiallj to the contact of air or water. Hrance Ui prie* 
tnatic configuratioD will be far more regular in prt^ortkui to 
the siee of its grain. The prisma in thie case will, of 'counei 
be perpendicular to the sides of the fissure. 

Tbe correctness of this reasoning is proved by the regB> 
larly columnar division of numerous dj'Kcs in basaltic. couii* 
tries. 

As the process of solidification propagates itself towBrdsthe 
interior of the lava-mass, the fissures of retreat, and conec 
quentl^ the columnar prisms they circHmaoribe, ar0'prol<Higed 
in a direction perpendicular to the outer surface, wat least (o 
the plane in which the process of solidification acts at any one 
moment of its progress. If any circumstances cbaoa;e the di* 
rection of this plane, or produce irregalarities in the propa- 
gation of tbe process, the direction of the columns suffers a 
proportionate deviation. 

The columns will be usually more or less perpeodicutar to 
the surface on which the Bolidifying process first acts ; (as ia 
the case in the desiccation of star(£, clay, &c.) Therefore, 
when they are formed upon a convex surface (as a c) they will 

Fig. 20. 



diverge towards the exterior of tbe mass ; when upon a con- 
cave surface, (as c b,) they will converge in the same direc- 
tion.* . 

• One of the main causes of the rapid dcgfadation of Vdlc^ic roclu, fai- 
..liculail; basalt, lies in tbe facility with which the Tain-water penetrates 
between its prismatic diYisions, and the Consequent effect of frostincaodiitf 
them asunder. It is obvious that this disaggrcgatioa will begreatlj faci- 
litated by the prisms converging downwards, owing to which their own 
weight assists in disunitisg tfiem; while it is on the contrary mbst effect- 
ive^ opposed by the contrary arraogeinent. 
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^. 3« Bitt the prolongation of the columns b dependent ai» 
the l^ya of the interior always yielding to the contracti^ 
force, which acts in the direction of the columns themselves, or. 
allowing of the subsidence of the outer solid crust in that di- 
rection. 

If its liquidity should be too imperfect for this, or the 8up*i 
ply of liquid from a higher source wanting, the columns are 
themselves divided by transverse fissures, or. joints^ which 
separtfte them into so many portions or articulations. 

The frequency of these joints will vary with the difficulties 
opposed to the supply of liquid lava in the interior, or to the 
subsidence of the part already consolidated ; and, therefore, 
the length of the columns without a joint is favored by an ex- 
cess of liquidity, and consequently by fineness of grain. Ii| 
Ae same manner the columns that form within any accumula- 



This coBsideratioa explains theorig^ •£ those insulated conical peaks of 
frequent occurrence in basaltic districts, and which have been so often ap-* 
propriated to the sites of feudal fortresses ;' these will for the most part, if 
not universally, be found to owe their existence to the extreme stability oc- 
casioned by a pyramidal grouping of columns, and the freedom from joints, 
which has enaoled them to outlive the destruction of the remainder of the 
beds to which they belonged. 

One of the most n^ignificent columnar peaks of the kind is to be seen at 
Murat (Dept. Cantal) in France. . See pi. II. fig. 4. 

A segment of the basaltic current, of which this group once formed a 
part, is still visible in the distance. 

The general nature of thb fact suggests the important remark, that the 
destruction of the basaltic beds inf which such conical eminences were once 
incladedy has been the result of the slow operation of the causes now in ac* 
tion. Any violent rush of waters, of the nature of a deluge, would sweqp 
away a. pyramidal cluster of columns as easily as a vertical one ; it is the 
long continued alternation of rain and f^ost alone, that will explain the uni- 
form destruction of the one and preservation of the other. 

If the insulation of such pealu has been produced by these apparently 
powerless agents, it will follow that they are capable of effects of greater 
magnitude than is yet generally allowed, and their influence in the destruc* 
tion 6f other rocks has been probably far greater than many Geologists of 
the present day are willing to concede. 

Wherever seams of stratification* of divbionary structure exist, water wilt 
introduce itself by capillary attraction, and the expansive power exerted.by 
its (Crystallization is known to be immense. When a mass has-been in thb 
VFay loosened, it is easily displaced ; either by its own gravity, or an exter- 
nal impulse such as that of water. 

Another frequent cause of dilapidation, particularly^ amongst volcanie 
rocks, but which must not be enlarged on in this place, is their super-posi- 
tton to beds of clay , tufa, scorie, and other loose matters, which are easily 
washed away, and the overlying rock consequentiy undermined. Tb^ pris- 
matic 8traict|irei by allowing the percolation of water to these lower beds^ 
obviously accelerates the process. 



140. Subdmrion of Columns itUo smalkr Prisms. 

tion of lava on a concave suHkce, should be long in proportion 
to the supply of liquid lava from the higher parts of tne cur- 
rent, and those formed on a convex sur&ce short for the op- 
posite reason (see fig. 80). 

I)y an extreme frequency of joints, the columnar tends to 
pass into the globiform structure. 

» 

§«4. The distance of the proximate centres of attraction^ 
it has been said, varies inversely with the circumstances that 
favour the energy of the attractive force ; and this accorda 
with the fact, that the finest-grained lava-roclis usually pre- 
sent the sniaUesi coocretioqs. 

When the circumstances of texture and composition are ex- 
tremely favourable to the increase of the attractive force, more 
than one concretionary separation of parts may take place 
successively in the same mass. 

The first may accompany the diminution of bulk which en- 
sues from the escape or a part of the elastic fluid by percola- 
tion. 

A second series of fissures may subsequently be fprmed, per* 
pendicular, or nearly so, to the first, when the teniperature of 
the interstitial fluid, which cannot escape, is so for lowered 
by slow loss of caloric, that its expansive foree yields to the 
mutual attraction of the neighbouring partjcl^. In this 
manner the prisms first formedmay be diyj4ed into numerous 
smaller prisms perpendicular to theif t^uqding surfaces. 

The former will be large and very irregular, owing to the 
rapidity of the formation. The li^tter small ai|d more per- 
fect.* 

§. 5. It may occasionally hi^ppen that the lava refuses to 
yield in any direction towards the centres of attraction ; in 
this case the fissures of f etreat will be equidistant on all sides 
from their centres, and will circumscribe a polygonsd mass 
approaching in form tos^n angular spjherpjd, (globiform struc* 
ture.) Subsequent contraction may divi4e ^s mass either 
into prisms having their axes perpendicular to the surface of 
the spheroid, and therefore converging to its centre, or into 
concentric lamellas ; according as tne contractile force, in its 
progress from the superficies to the centre of the mass, expe- 



* Amonpt the bsssltic colonmdes of the Vivsrsis are soaie 
^niDDlcs of this modis, — A psrtof one may be seen in fi{^. SI . It is'reraark- 
sble tnst the lowest pari of the bed in which the columns ire repulmr, large, 
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rltncflB ItMst rMistance in the directioQ of the ndiii or oftlM 
tanffents; to the sphere. 

Th^ former will require it hirh liquidity, and thereforo 
fineness of grain in the lava ; the latter will take place tvhero 
the mobility of the partidea is very imperfect. 

At St. Sandoux, in A uvergne, in a beautiful example of the 
former variety of divisionary structure, in an enormous! uphev 
roid of basalt, more than 50 feet in diameter,coniposedofver7 
regalar and jointed columns diverging from it)4 centre, where 
they are closely united, to the circumference, where a consi- 
derable Rpace is left between them.* 

The division into concentric lamellar spheroids is common 
and well known. 

^.6.' During the advtrnce of the concretionary process 
through those parte of a lava-bed in which the exercitte of the 

loDf*, and almost almrs vertica], is separated b; a decided line from the 
upper endless regularly coluQiDaT part, inwbich Uiereis generally a double 

Pig. ai. 



sptera of concrettcHis — this line runs always very erenlj, and parallel to the 
lewest surface of the current, witliont nrgard to the irregulantiei of tbick- 
«csa in the upper parL This inferior division, I am inclined to thiidt, 
jtarted with it* caloric downwards to the substratum, and the line in ques- 
tion ^pears to have been the separation between the parts which lost their 
beathy traainnirtioti npwai ds, ftom this. The lower cooled solely by f M- 
AnMtfmof vapoDr, the upper both by emt^nwaUMi and emaiw by exuim- 
Um. Haee weir difference of regularity. 

The jirisnwlk trachyte of Ponia and Palaurola offers examples of a ri- 
vilar piabirB. 

■ See an engrarii^ of this rock in VmaJK de St Fond, Snr le Vivaiws 
MlcTday. 
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.attractive forces is most favoured by the. extremely slow re- 
frigeration of the interstitial fluid, it may happen that some 
of the proximate crystalline particles of the prevailing mineral 
.will be enabled to overcome the resistance that opposes any 
change in the direction of their poles, and unite into large and 
regular crystals. Such an arrangement appears to have pro- 
.duced many of the long and delicate crystals of felspar or 
^hornblende, which are found imbedded in some of the com- 
pactest and finest-grained basalts, and which appear to have 
crystallized since the settling of the lava, and thus to form an 
exception to the otherwise general remark of the pre- 
existence of the component crystals of sucb rocks* 

When the lava is extremely comminuted, in the place of 
crystals, globular concretions, or crystallites, are produced by 
the same partial reversion of the poles in neighbouring par- 
ticles. 

This arrangement must occasion a diminution of volume, 

which if not compensated by subsidence, or a supply of liquid 

. lava from without, will produce numerous separations of con* 

• tinuity, which taking effect in those planes in which the at- 
tractive forces of the neighbouring centres balance one ano- 
ther, divide the mass into numerous polyhedral or angulo-- 
globular concretions. 

This is, in fact, a species of divisionary structure very 
common amongst ped.rlstones, and variolitic greystones, or 
felspathic basalts. 

§• 7. Where the component crystals of a lava are disposed 
more or less conformably, owing to their generally unequal 
dimensions, it has been already observed that its fluidity is 
great in the direction of their longest plane surfaces, and 
very little, or entirely null, in the transverse direction. 
Owing to this cause the formation of retreat fissures is, more 
. or less, prevented in the first direction,;but takes place with 
the greatest frequency in the latter; and thus the lava is 
divided into concretionary, plates or lamellse, of greater or 
less thickness, according to the greater or less difference in 

• the fluidity of the lava in these opposite directions. When 
; the thickness is comparatively great, the structure is called 

tabular; when less so, lamellar/ and when the plates are 
. very thin, slaty or schistose. 

These different structures are^ as might have been expected, 
abundantly exemplified in varieties of the clinkstone' or scaly 
lava-rocks, both felspathic and augitic ; and the same cause 
may not improbably be looked to, to account for the flat 
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pritniBtic'diviHfmwy'atruetiire of syenites, granites, gneiss, 
and the earlieat'thiiHi.* 

This structure is often Accompanied bj the colamnar, of 
whieb it is wholly independent. The latter being produced 
firii by the earliest dimination of bulk, while the lava poa- 
Hesses a carlain degree of fluidi^ in all directions. The 
rupluFes occasioned by thts'are as usual perpendicular to the 
exposed surfkce, and therefore generally (though not neces- 
sarily) transverse to the planes of the lamells ; which being 
alwmyt panlld to the direction in which the lava moved, are 
also, of coarse, nlostlj parallel to the outer surfaces of the 
bed, current, or dyke. 

A rttoarlnble example of this united structure occurs in 
Um Roche Tuillere in the Mont Dor. The clinkstone of 
wfaitA thia rock is composed (an insulated fragment of the 
vast current descending from the Puy Gros), is regularly 
divided into nearly vertical columns. It is also extremely 
•diietoBe, as the vulgar name of the rock implies, the lamine 
■wiogused as slates for roofitig. 



Fig. a*. , 



* In tet, the tlnfjfeallM (of TOeks of all kinds, where the stnia an 
MfaaOtd brf team*, it {tradacsd bf IbU concretloiuvj procdi. 
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The direction of the lamelle io the <eatre ' of the roek b 
horizontal, and therefore perpendicolar to. the .axis of the 

Erisras, but. gradually declines towards the North, until it 
ecomes parallel with their axis ; the fiijct, that the former 
^arran^en^ent communicates great solidity to the prisms,, while 
*the latter affords an easy accessi to the, agents of : division and 
degradation, perfectly accounts for the isolation of this rock; 
the part, in which the latter arrangement, prevailed, being 
"wasted away. 

This curvature of the lamellas appears to be owing to some 
involution of the current while flowing, owing perhaps to the 
intervention of some obstacle, on its f^ll down a steep slope. 
During this lamellar concretionary process a gr^it many 
of the proximate crystalline particles of the prevailiag mine- 
rals must be expected to reunite inta large and complete 
crystals; since« in this case, the particles are already more or 
less conformably arranged, and require therefore little or no 
change in the direction of their poles to recrystaUize com« 
pletely. In this manner were probably formed the great 

{)roportion of the imbedded crystals of clinkstones and slaty 
ava-rocks in general. Their longest dimensions are necessa- 
rily in the direction of the lamellar planes, since the free 
motion of the crystals is ^ilone permitted in that direction ; 
and their excessive compactness^ so different from the loose 
and fibrous aspect of the imbedded crystals of most earthy 
trachytes, is tnus accounted for. Where the heterogeneous 
minerals were too intimately mixed, or the liquidity too low, 
to allow of this complete recrystallization, imperfect globular 
concretions were produced; as in the scaly greystones of 
Auvergne and the Mittel Gebirge, &c. 

§*. 8. In the same manner as the incomplete supply or sub- 
sidence of the lava in a vertical direction, occasions the trans- 
verse fissures by which the columnar concretions are divided 
at intervals, when the fluidity of the slaty lavas in the direo- 
tion of the scales, or plates, is insufficient entirely to com- 
pensate all the tendency to contract in that direction, trans- 
verse fissures of retreat are produced at intervals more or 
less distant; and by the frequency of these, the tables assume 
a cubical or rhomboidal form, such as is conspicuous in the 
. earlier traps, in syenite, and even in granite. 

§. 9. It has been s^en that the Divisionary Structure, or 
regularity of internal form, which a mass of lava' may. as- 
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sume duHng iU refrigeratiM, according ' to cireutnstaiiees 
compi^ehends the following dashers 

1* The Prismatic or Columnar. 

2. The Tabular, Lamellar, and Schistose^ 

3. The Rhomboidal or Cubiform. 

4. The Globiform. 

5. The Angulo-globiilan 

And thiBt two, or even more, of these Tarieties of form ttay 
be taken by the same mass. 

§. 10. It is obvious that the Divisionarj Structure can only 
be produced iii lavas consolidated by loss of caloric, or of 
their fluid vehicle. Where they are solidified solely by 
increase of pressure, their temperature remaining fixed, the 
concretionary or crystalline arrangement of particles trill 
take place (and still more easily and completely than in the 
former case, because the process is slower), but no contrac* 
tion, and therefore no rupture or fissures of retreat, can be 
produced. 

%. II. As yet I have purposely avoided entering into any 
discossion of the circumstances which may have given rise to 
the variety of mineral composition observable in the lavas. 

This variety must be supposed owing to one or. other of 
two causes, viz. 

1. An original 4ifierence in the nature of the subterranean 
crystalline rock, whose extravasation produced them, 
on the surface of the earth ; or, 

S. To changes produced in this rock, originally of an niii* 
form composition, during the process of elevation, 
which was probably accompanied in many instances by 
repeated intumescence ana reconsolidation, bef<H« the 
final emission of the lava. 

I own that I incline to the latter alternative, although I 
am far from being able to explain the mode in which every 
such change can have taken place. . ^ 

Our knowledge, indeed, of the laws which determine the 
formation of different minerals firom their elementary ingre- 
dients, is at present too limited for the solution of such a 
5[uestion. If, however, we have sufficient evidence of the 
act, that the heat and fumes issuing from a mass of incan- 



146 Conjectures respecting their Causes. 

descent lava, can alter a r5>ck with which it comes in contaet 
under greatest pressure, from a compact carbonate of libie to 
a highly crystalline dolomite, containing 45*00 of ma^esia,* 
it Will not certainly appear incredible t£at very considerable 
changes of mineral character may be effected in a mass of 
lava itself, during the repetition of the processes of into- 
mescence and consolidation, under variations of pressure and 
temperature ; that crystals of augite, or olivine, or leucite, 
may havci been produced from some of the comtninuted, and 
perhaps vaporized, elements of mica and felspar ; c^en that 
the same original granitic lava may. under some circum* 
stances, have been altered into a Iracnyte, under others into 
a basalt. 

It wotild not indeed be difficult to conceive the production 
of ordinary: trachyte, by a ver^ slight change, from a granitic 
original ; for the process of intumescence, when earned far, 
may easily be supposed to change the felspar crystals from 
conrpact to glassy ; to dissolve the whole or the greater part 
of the quartz in the aqueous vehicle ; forcing it to assume 
the crystalline form of felspar on consolidation (as in graphic 
granite) ; finally to volatilize the mica, of which part wotild 
recrystallize in more perfect crystals, either of mica or augite, 
on cooling ; and a part perhaps give rise to specular or mag- 
netic iron disseminated through the rock, or lining its pores 
and fissures. ^ 

. In like manner we may imagine the production of basalt 
to have been caused by the exposure, within the v^nt of a 
volcano, of an intumescent mass of granite to recbnsolidation, 
effected by the augmentation of temperature, and consequent 
expansion, of its lower beds. In these parts the extreme heat 
may be supposed to volatilize the mica and other ferruginous 
minerals, while the intense pressure would separate them in a 
gfta^ous state from the felspar, thus leaving a felspathose lava 
with very little iron in one part of the chimney, and occasion- 
ing the crystallization of a highly ferruginous lava in another. 

The subsequent intumescence and protrusion of these Ifivas 
Alight' produce alternate currents of trachyte, .clinkstone, .or 
compact felspar, and basalt, or grey-stone. 

Where the felspar, or a part of it, was reduced to an ex- 
treme degree of minute division, amounting perhaps to com- 

* As in the Tyrol (see Von Buch, Lettre a Humboldt) i ih Sky (see 
IdaccuUocli's Westtrn Islands, vol. i. p. 3S5, &t.) i in the Islft o£2^niione 
(see IvCemoir on the Fonza Isles, GeoL. Transactipns); and iin n^any of the 
dykes cutting the chalk of the north of Ireland. The well-.kaowu expe- 
riments of Sir James Hall are confirmatory of these observations. 
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plete fusion, the circunuBtances under which the rock was 
recoiisolidated within the focuB or vent, may have given rise 
to thecrystallizalion of its elements in the proportions which 
characterise olivine or leucite; and other peculiar circum- 
stances, the nature of which it la impossible to anticipate fWim 
dur incomplete knowledge of the laws of mineral cryilalliza- 
t'ion, and of the elfect of high pressures and temperatures in 
determining it, may have occasioned the casual and local 

Krodnction of the rarer volcanic minerals, such as Haiiyne, 
[elilite, Stilbite, Analcime, Ice-spar, Sommite, Veauvian, &c. 
With regard to the occurrence in Nature of these varieties 
of lava, the fact is, that they are oflen, nay generality, found 
to have been produced successively, sometimes alternalely, by 
Ae same volcano, or at least from the same system of vents. 
- Thus in France, in the Mont Dor, Cantal, and Mezen, 
(three habitual volcanic vents,} currents of basalt, trachyte, 
and clinkstone, may be seen to alternate.* — Sec the annexed 
section of the rocks worn through by the wateriiilt immedi* 
atel^ above Mont Dor les Bains. 

Fig. 23. 



Natural Section at the Cascade_ o/Monl Dor, above (M Balks. 

■ * It bos been justly remarked bj Beudsnt and other' writers, that when 
trachyte and basalt Ewe found within the limits of the same volcanic group, 
the trschjtes form the central eminences, and the basalt a chieBf found at 
the out-skirls of the group. The superior fluidity of the basaltic- lavas, 
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In tfae Cantal similar alternations are visible. In the Mezen 
a very felspathose clinkstone (slaty trachyte) rests apon 
basalt, and supports in turn a bed of the same roek t and this 
fact may be observed on many points* In the Chaine des 
Puys, near Clermont, eruptions of basaltic lavas have almost 
constantly succeeded those of trachyte, from the same vehts. 
(Grand et petit Puy de Dome.) (Urand et petit Cliersou.) 
((Grrand et petit Sarcouy,) &c. 

In the Euganean Hills, in the Monti Cimini, at the Lago 
di Bracciano, in the Campi Phlegrasi, in the Ponza Isles, and 
ischia, amongst the Hungarian groups, the Siebengebirge^ in 
Tenerifie, and at Guahilagua and at Xalapa in Mexico, 
trachyte and basalt occur together, and appear to have been 
successively erupted froni the same or very neighbouring 
vents. 

it is strange that, in the face of these instances, MM. de 
Humboldt and Beudant should speak of a repulsion or anta- 
gonism as existing between the trachytic and basaltic forma" 
tions.* It is natural, and to be expected^ that where basalt 
has been the latest and most copious production of any vol- 
canic vent, its currents should conceal entirely or partly froott 
our view those of trachyte, which' preceded it, and vice versa^ 
Again ; the great difference in the fluidity of these lavas will 
have led them to accumulate in greatest abundance, the one 
at a distance, the other in the immediate vicinity of the cen-* 
tral vent. — (See note, last page.) But, instead of their mn* 
(ually repelling one another, the production of trachyte pre^ 
venting that of basalt, and vice versa, as the above writers 
assert, the general law seems to be, that they occur together, 
being produced successively from the same or proximate 
vents, though in general at long intervals of time. The com- 
plete isolation of basaltic or trachytic formations stands in 
the light of an exception to the general rule, and mav be 
accounted for by the concealment of so much of the earliest 
productions (perhaps subaqueous) of the vent.f 

proved in a former chapter, will evidently account for this geuenU fact 
Thus, in the Mont Dor, the trachytic currents have in no instance flowed 
more than three, or at most four, miles from the central crater of the vol- 
cano; the basaltic currents, on the contrary, have reached a distance of j 
fifteen miles or more. 

* Humboldt Essai Geognostiqve, p. 349. Beudant, Hongrie, iii. p.587. 

t The same spirit of generalization firom pre-conceived hypothesis, 
has led M. Beudant to assert that all trachytes are of submarine origin. 
This is evidently false of the trachyte of -the Cantal, near Aurillac, which 
has overiowed a freshwater dqiosit, and is wholly without foundation in 
most othofr instances. 
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The same able geolog;i8t8 have likewise, perhaps, Gommitted 
another error in attempting to* limit the production of vol- 
canic rocks characterized by varieties of mineral composition, 
to separate periods of the'history of the globe. 

According to M. Beudant, all trachytic formations are 
parallel to the secondary strata, and universally prior to the ^ 
tertiaty. 

The trachytes of the Cantal and Mezen which rest on 
freshwater limestone ; those of the Montamiata, and Monte 
Cimini, on the tertiary marls and clays of the Sub-Appenine 
kills ; that of the Euganean hills, which cuts through and 
covers beds of calcaire grossier, might alone set this question 
at rest ; but it is still more completely decided by the certain 
&ct that the eruptions of many recent volcanos have produced 
trachytic lavas. Most of the active volcanos of America, pari- 
ticularly Popocateptl, Orizava, Capac-urcu, Cotopaxi, Sotara, 
and Rucupichinca, are trachytic, and eject pumice. Those of 
Sumatra, Java, and the Moluccas, also appear to produce 
principally felspathose lavas. The seas in the vicinity of 
these islands are represented sometimes, after an eruption, to 
be covered to a considerable extent with floating pumice.* 
. The Peak of Tenerifle, which has certainly been eruptive 
at no very distant period, is trachytic. 

Volcano, one of the Lipari isles, when in eruption in 1786, 
threw up pumice. The Lava del Arso, in Isonia, and tha^t 
of Olibano, near Pozzuoli, both recent streams, are mineralo- 
gically trachytes. The lavas of the volcanos of Bourbon, 
still in almost permanent eruption, are highly fblspathose. 

These facts are not unknown to the geologists who advocate 
the antiquity of trachyte ; but they escape their evidence by 
deciding that recent lavas shall not be called by this name. 
The term however has been, by its inventor Haiiv, and sub- 
sequently by Danbuisson, Gordier, &c. restricted to a mine- 
ralogical meaning ; in addition to which so many difficulties 
lie in the way of the determination of the age of a volcanic 
rock) that it would be absurd to make the primary name of 
any one depend on a character of such uncertainty. 

* See an Account of the Eruption Qf Tpmboro, in Java.— -Journal of 
Ibe ]P.oyai Institution* vol. i. p. 255. 
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CHAP VII. 

Volcanic Mountains. 



§; I. Having thus far investigated the laws whichd^er* 
mine tbe disposition and solidification of lava^ when pro- 
truded in a liquid form on the surface of the earthy we m&y 
continue our examination of the structure of volcanic forma- 
tions, into which this substance, when consolidated^ enteis 
largely. ^ 

We have, in a former, chapter, discussed the form and com- 
positions of those Cones, or Hillocks, both simple and com» 
pound, which are produced by a single eruption of fragmen- 
tary matter, from one or a tew neighbouring vents ; and it 
has been observed, that the weight and pressure of the lava, 
ascending within the funnel-shaped cavity of such a cone, 
often breaks down one of its sides, and allows the lateral 
escape of the liquid matter, which disposes itself atthefo^t 
of the cone, according to the circumstances already enume- 
rated. 

If the cone, on the contraiy, is sufficiently solid to resist 
this pressure, the lava will often rise until it is enabled to 
escape^ over the lowest part of the ridge of the crater,: kind 
pour itseflf down the outward slope of tt^ cone. In this case 
a part of it congeals in its descent, and remains fixed as a 
more or less solid rib or prop to the fragmentary cone» 

We now proceed to eonsitier the structure of those lai^r 
volcanic hills, which are th^ iproduce of repeated eruptions 
from tbe same vent. The eflect of every subsequent ern^ 
tion from the same orifice, which has already produced a cone 
of scorise and a lava current, inudtbe to cover these with 
fresh productions of a similar character ; and the repetition 
of such phenomena will create an alternation of the lithoidal 
or consolidated lavas, with the conglomerate strata produced 
by the contemporaneous ejections ; these different beds accu- 
mulating together, into a mass of more or less magnitude, in 
proportion to the violence and number of the eruptions l)y 
which it was produced. 

The original cone thus, by degrees, assumes the size and 
dignity of a mountain. Those currents of lava, which are 
able to force their way through the side of this hill, harden 
into massive buttresses at its foot, or upon its skirts; while 



those w]iieh* overflow :Ui6 edm .of the crated, »id still laoire 
effiptently to the gtrength of flie cone, remainiAej;, an soman^ 
solid ribs, iDterstratified with: its looser inaterialst In this 
manner the mass becomes gradually more and more fortified. ^ 
and while the outward pressure of the column of lliv.a, raised 
by dl>ultition within the chimney^ or central aperture, : of thd 
mountain, increases With its growing elevation, the strength 
and solidity of its sides, and, conseqqently, the resistaoce 
afforded to this force, is augmented in the same ratio« 

§• 3. These sides, however, frequently give way to the in- 
tensity of this force; but not, as in the case of the similar 
cones, formed solely of fragmentary matter, where the whole 
side of the cone is broken down, and carried away at once! 
Where the cone consists of alternate fragmentary and solid beds^ 
knit together into a compact frame-work, should the force of 
the lava, ascending in the central vent, and acting like an im<* 
mense wedge driven from below upwards into the heart of the 
cone, overcome the cohesion of its sides, one or more fissures 
will be split through them in a vertical direction ; and by these 
the lava makes its escape, with a velocity and volume, deter* 
mined by its fluidity, the dimensions of the fissure, and the 
relative height of the internal column. As the lava flows out 
of any lateral orifice thus established, the surface of the inter- 
nal column must gradually fall, until it reaches the level of 
the orifice of emission. 

The stream will then, or shortly after, cease to flow : but 
will probably be succeeded by jets of the elastic fluid from the 
orifice by which it is brought into communication with the at- 
mosphere. Meantime, the pressure and intense heat of this 
lava remaining within the volcanic chimney, perhaps enlarges 
and lengthens the fissure, so as to afibrd another opening for 
the emission of lava at an inferior level. From this point the 
same phenomena take place, and are perhaps repeated from 
other openings successively produced, one below another, in 
the side of the mountain, until the weight of the internal co- 
lumn of lava is so far diminished,* that it can no longer over? 
come the resistance afforded by the solid substructure of the 
mountain ; all discharge of lava in currents then soon ceases; 
and as the column is still further lowered within the vent, its 
vapour alone escapes, projecting scoriae upwards, either fVom 
the last formed aperture, or the central crater, perhaps 
from both; and tne eruption gradually terminates in the 
usual manner. 

Observations made on the phenomena of known volcanos 
confirm this reasoning. In fact, it appears that whenever the 
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v<4eaiiie aotidn baa fMrced a new Vent upon nay fiAh. {leint of 
the eaHh'b sur&ee, the elastic flaids are almost invaiiaUy 
discharged by the saae aperture through which the lava is 
emitted. 

When, however, repeated eruptions from the same vent 
have raised a volcanic mountain of considerable dimensions, 
the aeriform explosions take place for the most part from its 
principal or central aperture, which is usually at the summit 
t>f the cone ; While the lava is rarely discharged from the same 
orifice, but finds an issue from one or more rents in the side 
of the cone, or even at the plain at its base. The cause of 
this is extremely clear. The principal aperture or great cra- 
ter of the mountain must necessarily be situated immediately 
s^bove the fundamental volcanic vent, formed by the first ex- 
plosions of the. volcano through pre-existing strata ; since the 
elastic fluids evolved from thenpe, and tending to rise per- 
pendicularly into a rarer medium, will of course for the most 
part escape by that aperture. The density of the lava on the 
contrary opposing the greatest impediment to its elevation to 
the summit of the mountain, the immense lateral pressure of 
jthe a3cending column on the internal walls of the passage, or 
chimney, through which it swells upwards, must,, in most 
cases, folded by the intensity of its heat, force a crevice in these 
walls, through which it issues into open air, upon the flanks, 
brat the foot, of the mountain. 

. Examples of eruptions characterised by these circumstances 
are abundantly common in the annals of all compound vol- 
canic mountains. 

Let us take ^tna for example : 

In the eruption of 1536, twelve different mouths opened 
successively, one below another, on the same line or fissure ; 
each producing lava, while the central crater vomited vapou^r 
and scoriae. 

In 1669, the S. E. flank of JEtnsL is described as having been 
split open by an enormous fissure, reaching from the summit 
two-thirds of the distance down the mountain. From its 
lower extremity issued the vast current of lava, which, tak- 
ing the direction of Catania, destroyed a third of that town, 
and formed a large jiromontory projecting half a mile into the 
sea«* After the emission of the lava current had ceased, that is, 
when the internal column of lava had subsided to the level of 
.the lateral vent, aeriform explosions succeeded from the same 
orifice, and continued to be discharged with violence during 
fourteen days. The fragmentary matters eructed by them pro- 

* Ferrara. Cauipi Phjegraei. (Borelli. Sturia del Eruzoine.) 
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ditced the large c<me called Monte Hossio, hear Nicolosi, and 
covered a circuit of about two miles radius, with a deep de* 
posit of black sand contoining innumerable separate* crystals 
4>f augite. This district is only now beginning to support a 
•scanty ve^tation, in spite of the assiduous efforts made by 
4he inhabitants to fertilize it. Part of the fissure then formed 
lb still visible behind the Monte Rosso. 

In the eruption of 179S, Ferrara observed that a fissure 
was broken through the side of the mountain ; whence, during 
ten days, the lava boiled out very tranquilly, while the aeri- 
form explosions took place only from the principal crater. At 
the end of thus time the explosions ceased from the main crater, 
and commenced from the extremity of the fissure, at the same 
moment that the lava ceased to iiow out ; the liquid column 
within the vent having evidently lowered itself, bv continual 
jemission, to the level of the lateral aperture, in 1780 the 
earth sunk alon^ a straight line from the great crater to a new 
J^teral vent which produced the eruption, showing the exist- 
^ence of a fissure in that direction. In 1809, numerous points 
emitting lava opened successively, upon one line, or fissure, 
reaching downwards from the margin of the great crater. A 
similar circumstance occurred during the eruption of j^tna in 
1811-^13, according to the relation given to me by Signer 
.Gemellaro, who was a witness of the fact. It appears, Uiat 
after the great crater had by its violent detonations for some- 
time testified that the ascending lava had nearly reached the 
eummit of the mountain by its central duct, an unusually vio- 
lent shock was felt, and a stream of lava broke out from the 
side of the cone, at no great distance from its apex. Shortly 
after this had ceased to flow, a second stream burst forth at 
.another opening, considerably belo^ the first; then a third 
still lower, and so on till seven different issues had been thus 
jsuccessively formed, all lyii)g upon the same straight line, 
prolonged from the summit nearly to the base of the moun- 
. fniitp. This line was evidently a perpendicular rent produ- 
ced in the internal frame- wor^ of the mountain ; which rent 
,was probably not produced at one shock, but prolonged suc- 
icessively downwards by the lateral pressure and intense heat 
pf the internal column of Uva, as it subsided by gradual dis- 
charge through each vent. 

The flowing of lava from each of these orifices was followed 
by the eructation of scorias, by which as many small parasitical 
cones were produced. 

In fact, in. every latgral eruption of ^tna such a fissure has 
: been formed ; the lava istiuing from its lower extremity, and 
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Mocessi vely from different pAcnts, i» IIm fovw waa prolMged 
downwinrds. . » 

Other volcanos present the same phenomena. ^ We: may 
pairticolarize the great eruption of Yesuyitts in< 1784 ; wlieB 
five small cones w^e proanced at the east Jbase of the moun- 
tain. They still exist, and mark the pointe whence the lava 
torrents issued, by which Torre del 6rec»*wa8 overv«4ielmed. 

In all these cases the central craters of the two voloanos 
continued to discharge torrents of elastic fluids,, carrying up 
scorise, sand, and ashes, while' their lavas escaped in currents 
at a much lower level. .When, however, the aeriform explo- 
sions took place from the lateral vents', those of the eentnd 
crater ceased for a time, but recommenced when the former 
bad in turn stopped. 

But one of the most remarkable and instructive instances of 
analogous facts is to be found in the eruption which ton- 
men ted Iceland in 1783, when the lava issued in enormous 
quantity from three sources opened successively in a plain at 
the foot of the high volcanic cone, (Skapta Jocul) from^which 
the gaseous explosions had been, and for somo'time ccmtinued 
to be, discharged. , 

These scources were dbout eight miles distant fpom one an* 
other, and were formed along" the same straight line,'^^hich 
obviously marked the direction of a fissure created in the su- 
perincumbent strata of the jdain, by the upward pressure of 
the lava below, in communication with that which was forced 
up the internal chimney of the neighbouring mountain. A 
fourth source seems to have opened itself in the prolonga- 
tion of the same line, but beneath the sea, and at a distance 
of 30 miles, producing a rocky island, now reduced to a mere 
shoal by the erosive action of the waves and submarine cur* 
rents. The lava produced by the three terrestrial sources 
deluged the plain to a superficial extent of more than 40 miles 
by SO. 

In this instance it appears that the frame* work of the volca- 
nic mountain offered a more solid texture and a greater degree 
of resistance to the pressure of the internal cmumn of lava, 
than the superincumbent beds constituting the plain* at its 
base, which in consequence were the first to give way, and 
open an issue to the fluid. 

The immense quantity of lava produced, and the velocity 
with which it flowed forth, were obviously in directpropor- 
tion to the great height to which the columif had ascended in 
the interior of the mountain, before the fissure was formed. 
The distance of the apertures by which the lava was poured 
out, from the crater or central vent of the volcano, which 
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disdunrged the'' aeriforin fluids, proves the ▼asthorixontal 
extent of the subterranean reservoir of lava ; which is the 
less astonishing from our knowledge that (the whole island of 
leeland has been produced from the bottom of the sea by the 
successive eruptions of the same volcanic system, we might 
almost say, of the same volcano. , 

The gigantic volcanos of S. America appear to have fre- 
quently presented examples of eruptions taking place under 
similar circumstances, but the accounts of which we are pos« 
sessed are not sufficiently detailed for the purpose of compa- 
rison. 

It may very plausibly be suspected that each of the shocks 
by whicn the environs of a volcano are so repeatedly agitated, 
during, and previous to an eruption, is occasioned by the 
rending of some part of the solid frame- work of the mountain 
or its supporting strata, by the action of the force we have de- 
scribed as resulting from the pressure in all directions of the 
liquid which is in communication with that elevated within 
the volcanic chimney* The prolongation or widening of a 
fissure previously formed would have the same jarring, or 
vibratory effect, as the creation of a new one. It is indeed a 
remark common to the observations made on almost all vol- 
canic eruptions, that local earthquakes always precede the 
emission of lava currents, and cease while the lava is flowing, 
to recommence when it has stopped. Those shocks, on the 
other hand, which are felt to a considerable distance, are pro- 
bably caused by new rents produced in the solid subjacent 
strata supporting or surrounding the mountain, and enter 
into that class of earthquakes which were discussed in a former 
chapter. 

The rents produced in the frame of a volcanic mountain by 
the disjunctive force in question, are sometimes of such widtn 
th&t the whole mountain appears cleft in two, as occurred to 
the volcano of Machian,'one of the Moluccas, in 1646. The 
crater of the SouffriSre of Montserrat, and the volcanic cone 
of Guadaloupe, both appear to have been thus split through 
by a large fissure. The Montagne Vh\€e of Martinique offers 
B sitnilar fact, (Moreau de Jonnes.) Even the eruption of 
Vesuvius in October, 1833, which was peculiarlv fertile in 
interesting phenomena, offers also an example of this rend- 
ing of the mountain. The crater or rather chasm left by that 
eruption is itself an enormous fissure broken across the cone 
in a direction N. W. — S. E. It was prolonged through the 
whole frame of the cone on the S. E. side, and produced a 
deep notch in the mountain, which though considerably ef- 
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;faGed by tte beds of socme and fragments thrown into it, is 
still 500 feet lower than the neighMuring point of the ridge 
of the actual crater* 

%. S. The fissures thus formed in the frame- work of the 
mountain and instantly occupied by the liquid lava, become 
hermetically sealed, by its subsequent consolidation, and as- 
sume the character of dykes. These being usually formed, as 
has been said, in a vertical direction, and therefore trans- 
versely to the lateral beds or currents of lava, communicate 
a vast accession of strength to the structure of the mountaiO} 
acting as ties tp the letter, which may be likened to the maia 
beams of the edifice* 

The section of Monte Somma presented by the steep cliffs 
above the Atrio del Cavallo, which are the remaining walls 
of the ancient apd principal crater pf this volcano, exhibits 
an infinity of such dykes traversing the inass of the mountain 
in numerous directions, all approaching, however, more or less 
to the vertical, and crossing each other, and the more massive 
and nearly horizontal beds of lava and scoriae, so as to give a 
reticulated appearance to the rocks. They are of very com- 
pact basalt, and frequently divided into prisms lying at right 
angles to the walls of the dyke. The recent crater of Vesuvius 
(1S33) at present exhibits similar features, which are common 
in fact to all volcanic mountains of which the internal struc- 
ture is sufficiently exposed. 

From this consolidation of the matter occupying the rents 
of a votioanic mountain, it happens that at every fresh efibrt of 
the expansive force a rent must be forced in a new place. In 
fact, tnere is no instance extant of an old lateral aperture 
having opened a second time. 

§.4. Thm it is clear that the augmentation of the cause 
that tends tp destroy the iabric of the mountain, viz. the 
height of the internal column of lava, is compensated by 
a parallel increase in its strength; and no other limit would 
appear to be set to the increase of a volcanic mountain, in 
height as well as bulk, than the cessation of the phenomena 
which erected the whole, the absolute extinction of its out* 
ward activity. 

In fact, we are acquaipted with examples of such mountains 
reaching to an extraordinary altitude. JStna, the Peak of 
Teneriire, the . volcanos of Kamskatchka, of the Aleutian 
Isles; those of the Andes and Mexico, which a short time 
back were supposed the highest on the globe, are of this na- 
ture, and have been apparently raised in the mode above 
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described by the continued accumulation of loose ejected mat* 
ters fortified by lava currents and dykes. It is true the in- 
stances of the ric de la Teyde, Chimbora^o, and some other 
very elevated volcanic mountains which have not for some 
centuries exhibited eruptions from their summits, would ap- 
pear at first sight to show that another limit exists, and that 
when the mountain has acquired a certain height it becomes 
unable to resist the pressure of so enormous a column of 
lavk, which in consequence invariably finds a vent at its side 
or foot. 

But it must be recollected that these lateral eruptions tend 
continually to fortify the, sides of the mountain by the accu- 
mulation and consolidation of their products ; and, it may be 
foretold, therefore, that should these volcanos continue in acti- 
vity, the time will come when they will be sufficiently propped 
on all sides, to be able to sustain the pressure of the lava ; 
which, in this case, will be again poured forth from the summit. 

§.5. These lateral eruptions proceeding exactly in the 
manner of those from fresh vents described above (chap, iii.) 
like them produce a more or less regular cone on every point 
where they find an issue. 

The slopes of ^tna are loaded with above 70 such para*' 
sitic cones ; many of them of considerable magnitude, * each 
has its crater, and each marks the source of a current of lava; 
that from the Monte Rosso destroyed Catania in 1669. 

Vesuvius has occasionally produced similar hills — that on 
which stands theCamaldoli della Torre is an example, and 
eastward of this point rise five other small neighbouring 
cones thrown up by the eruption of 1760. The lava from 
these apertures overwhelmed Torre del Greco. 

But the great cone of Vesuvius was itself in fact originally 
but a parasitic cone thrown up in the centre of the old 
crater of Somma, of which the remaining circumference com- 
pletely embraces Vesuvius from east to west by south. 

Exactly in the same manner has the cone of the island of ^ 
Vulcano, which contains the large crater now in the state of a 
solfatara, been throwri up in the centre of a s^ill larger and 
n^ore ancient crater, which still incloses it by a semicircular 
range of cliffs, composed of alternating beds of^lava and ashes. 
See the accompanying plan of the island of Vulcano, and also 
its profile in Plate II. 

* The Monte Rosso was estimated by Hamilton to be haifa mile high 
from its base, and three miles in circumference. 
It is probably about 500 feet in height, and two miles round. 



Vesuvius itself a parasitic tone. 
Fig. 24. 
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%. 6. Of the fragmentary naatters ejected, whether by the 
centra] or by lateral vents oFa volcanic mountain, the lightest 
and most pulverized particles are scattered by the winds, oftea 
to a considerable distance. 

The fragments of intermediate size and weight are carried 
down the slopes of ^he mountain by aqueous torrents. These 
have their origin in the quantity of rain which as has been 
noticed above, generally falls during every volcanic erup- 
tion, the consequence of the vast volumes of aqueous va- 
pour evolved, and to which every such mountain is the more 
exposed in proportion to its height. If its elevation, or geo- 
graphical position, cause it to retain frozen snows upon its 
sides or summit, still more sudden aud terrific deluges of 
water are created by the showers of red-hot scoris which 
fall upon them, or (he contact of t)ie still hotter lava. 

In Iceland phenomena of the latter kind accompany almost 
every eruption from its suow-clad heights, and constitute by 
far the most destructive part of the volcanic catastrophes, to 
which the inhabitants of this immense sea-girt cauldron are 
exposed.* 

• During the eruption of Katlcdaa in 1T56, torrents of ice. rocks, and 
sand, occasioned by the melting of the glaciers, produced three pbsllel 

firomoutories, reaching three le^ues into the sea ; which remain above its 
evel in places when: the fisherniea formerly found 40 fatboDis of voter. 
(Ola&oea and Puvclsea-) 
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The inhabitants of the slopes of Vesuvius designate these 
torrents of mud and scorias, by the name Lave dTacqua^ in 
centra-distinction to the lava currents or JLave dijuoco. 
^ Thus, alluvial deposits of fragmentary matter may be ex- 
pected to £11 up the hollowS) cover the skirts^ and extend to 
some distance from the base of e verv volcanic mountain, and 
often to alternate with those of its lava currents, which from 
their superior fluidity have extended farthest from the cen- 
tral summits. And such appears to be the structure of these 
mountains wherever they have been geologically examined. 
(Mt.Dor, Cantal, Mezen, Teneriffe, flungary, &c.) 

"The trees and plants growing on the slopes of a volcanic 
liiountain must be often rooted up and carried away by these 
aqueous debacleS) and buried amongst the alluvial strata at 
its foot. 

This is no doubt the origin of the fossil wood frequently 
met with in the Tufas of the Mont Dor and Cantal, of Hun- 
gary, and Iceland, (Surturbrand.) This is occasionally mine- 
ralised, but not always^ In Hungary it is sometimes silici- 
fied, and changed into, opal. In the Mont. Dor, I Mve seen 
the trunk of a tree, which at one extremity was reduced to 
perfept jet, and at the other retained the colour and texture 
of wood, and was not at all carbonized* 
. These alluvial matters often acquire on desiccation a great ' 
degree of solidity, even without being cemented by ferrugi- 
nous or other infiltrations. The ashes of the eruption of 
Vesuvius }n 1838, carried down the slopes of the hill by tor* 
rents of rain, called into a hard rock^ which required a sharp 
blow from a hammer to break it. 

%, 7. If the sea,- or any inland lake, washes the base of the 
mountain, such fragmentary matters as are carried down into 
it by torrents,^ or fall there by the mere foi^e of projection, 
may be distributed on the bottom or shores of the ocean by its 
currents^ and mixed ^r interstratified with its other more 
purely marine deposits. 

This appears to have occurred in the stratified Tufas of 
the Terra di Lavoro, and the campagna di Roma. In Hun- 
gary pumice conglomerates alternate with tertiary limestone 
strata, &c.* 

In the neighbourhood of ^ont du Chateau, (Auvergne,) a 

calcareous peperino alternates with the strata of limestone 

-' * ' ■ . •. ■ - 

' * I* i^. by no means necessary to conclude, as M. Beudant has done, 
from tbis) that the trashy tie voWaaos of that country, were submarine. It 
is clearly sufficient that they were insujar, or washed at their \iases by the 
sea, to produce this result. Voyage en Hor^rie^ iii. 570. 



160 Craters of Compound Vokmie Cones. 

containing numerous fresh-WBter shells ; and on Gerj^via^ in 
tbe same neigbbourhood, currents of batraltic lava are inter* 
bedded witb fresh-water limestone. 

Tbe accompanyinft figure presentB an ideal section (rf a 
volcanic mountain after one of its paroxysmal «rapti«w. 
Fig. 25. 



%. 8 In the case of simple cones, notice has already beetr 
taken of the fieure and origin of their craters, or the cavities 
included in their interior slopes^andhavingthe orifice of erup- 
tion at the bottom. Those cones or volcanic mountains which 
are tbe produce not of one but repeated eruptions from the* 
same vent, usually possess a similarcentralcavity, which how- 
ever is Bubjeet to various changes and modifications, and occs' 
sionally altogether disappears. These changes, it will be 
seen, are the necessary consequence of tbe repetition of sue 
cessiveernptions from the same orifice; for 

I. When, in any individual eruption, the force witb whidt 

tbe fragmentary ejections are launched into the air, 
is inferior to that of the preceding eruption, these 
matters will alt &U within the eircumferenee of the 
crater, formed at that time, and tend to R\t it vp by 
tbe production of a parasitical cone within this enclo- 
sure. 

II. llie lava also, swelling up through tbe volcanic orifice, 

must occupy the bottom of the crater ; and if its 

weight does not succeed in forcing a passage through 

the side of the mountain, it will fiU up this cavity to » 

height proportioned to m volume. 

The repetition of these circumstances always accompanying 

every minor eruption, tends to fill up the whole cavity of die 

craler produced by the last violent or paroxysmal eruption, 

until the mettera elevated, both liquid and fragmentary, find 

their way ut length over the ridge of this basin. By Ihissuite 
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of operations the crater of a large Tolcanic mountain becomes 
temporarily replaced by an irregular plain, at lenj^th possessed 
of a degree of convexity, and often rendered still more un« 
equal by the small parasitical cones which every minor erup- 
tion throws up on its surface* 

In this state of things the external repressive forces which 
consist in the weight and resistance of the matters obstructing 
the habitual vent of their volcanic energy are at the maximuioat; 
the products of subsequent minor eruptions escaping down 
the outer slopes of the cone. . 

If after this moment any violent eruptive paroxysm take 
place, by the creation of a deep fissure penetrating into an 
intensely heated pointof the volcanic focus, — the rapid, pow- 
erful, and tremendous explosions that ensue, soon break up 
and shatter the ma»3 both of solid and fragmentary rocks 
which had accumulated within the interior of the ancient 
crater, and project them in fragments to a vast height into the 
air^ whence a part falls on the outer slopes of the mountain, 
while the remainder which fall back towards the orifice of 
projection are again and again driven forth till they are tritu- 
rated to. the finest possible decree of comminution. The final 
result of this process is, to leave a crater bearing marks of 
the violence with which it has been torn through the bowels 
of the mountain, and of a diameter and depth proportioned to 
the energy of the eruption. 

The encircling walls of such a cavity will be more or less 
perpendicular, and present sections of the beds both of conso- 
lidated lava and conglomerate, through which the aeriform 
explosions forced their way. In process of time these walls 
will crumble in, and their fragments, forming a talus at the 
bottom, will soften off the abrupt features of this cavity, and 
diminish the steepness of its enclosure. 

The crater of a volcanic mountain, as well as of a simple 
cone, . usually deviates considerably from the circular fotm, 
being lengthened in the direction of the fissure from the en- 
largement of which it proceeds. 

The phenomena of Vesuvius, during the last century, will 
serve to exemplify the series of changes we described as in- 
cidental to the principal or central crater of an habitual 
volcano. 

In 1766 the^reat prater, which previously existed, is de- 
scribed by Sir W. Hamilton as entirely choked np, and in the 
place of a cavity he found an irregular ciri;ular plain at the 
#ummit of the cone. 
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This plain was subsequently broken up, itnd tbe eone eoii^« 
pletely guttedj by the great paroxysmal eruption 6f I79iy 
which left a vast cayity, descrioed as of tremendous depth and 
width, and surrounded by perpendiculslr crags. Th^ process 
of replenition then again commenced, till this arater wfts 
once more so completely choked by the accumulation of mat- 
ter produced by minor eruptions from itsbottoin, that during 
the years 1813 — 1822, a rude plain of the same character as 
that described by Hamilton, again existed at the summit of 
ihe.cone.. .The plain towards the latter part of this periofl 
hu4 acquired a convexity of form, and supported tnany minor 
'parasitical, cones. This state of things continued until;^ in 
October 1822, another eruptive paroxysm occurred, similar 
to tbat of 1794 ; which, breaking up the plain and launching 
its fragments ipto the a-ir, reproduced a central cavity, or 
jcrater, of vast size and depth, and of an irregular elliptical 
form, being obviously the result of the forcible enlargement, 
by rapid a,nd violent explosions of steam from below, of a fii^- 
sure oroken through the framework of the cone in the dit^t' 
tion N. W. by S. E. 

, The great crater of Jj^tns. is, in its actual state, an exam- 
ple of pne in which the process of replenition hasr klt^ady 
^ade considerable progress. When t visited it in I819y there 
existed a small parasitical cone in full activr^yat its botto% 
whose frequent eruptions must tend materially to lessen tlib 
depth of this cavity. 

.Uence.it is observable', that the principal or Central drator 
of ievery volcanic mountain, 'or cone produced by niitmerous 
jejruptions from an. habitual vent y is the result of the last pa- 
jToxysmal eruption of the volcano. ■- \ 

Thus too it appears, that besides the operation of titneand 
^external causes in damaging or totally destroying the figure 
of craters, ther^ exists in the volcanic phenomena themselves 
a. iendency to obliterate their forms— ^ series of caiises alter- 
nately scooping oiit ({x6 interior of a volcanic mountain, and 
ffrmlually .filling up again the cavity, or crater, thus prd^ 
^uced.^ 

; The neglect of this observation has been the source ofnir- 
merous errors amongst' those^ Geologists who have tiiriied 
Jth^ir attentu)n to. volcanic, districts; nqjanv of wbotti* l^atfe 
|r;iquebtly oxer^ooked or rejected some of the inbsf de<^idcdl^ 
Jinked :crater^,. from tfieir want of perfect symmetry; while 
others have drawn negaitive conclusions as to tUe volcanic na- 
ture of a mountain, from the absence of obliterattbitof ib 



or^er, whi<^h is in fact as regular and necessary a result of the 
YQljCanic phenomena as their forniation.* 

It must be observed, that the explosions by which a crater 
is ^oUowed out from the centre of a volcanic mountain, are 
chiefljr those which take place subsequently to the emission of 
the lava in a liquid form, and by which the eruption termi- 
Il^te^« 

. This consideration would have prevented D^lomieu frona 
the error, of supposing that the large crater of Volcano (one 
pf tha Lipari isles) must liave been filled to the- brim with 
liquid glass before the small current of obsidian which flowed 
from its summit in 1786, could have been produced. The 
emission of this lava was here, as in most similar cases, an- 
tecedent to the excavation of the crater. + 

, §. 9* The dimensions of the C9,vity formed in this manner 
will be determined by the violence of the eruption, and the 
more or less yielding nature of the walls of the eruptive fis- 
fi^re. When these circumstances are favourable in the ex- 
treme, the terrific explosions that ensue, and which forcibly 
enlarge the crevice that propagates the expansive process 
to the intensely heated lava below, may not only break up 
and drive jnto the ^if* the matters which have during a long 
previous perioij accumulated in the old crater, and obstructed 
this habitual v^nt of the volcanic heat, but even tear up their 
»>yay through^ and destroy, the greater part or the whole of 
the volcanic mountain itself, leaving in its place a wide cavity 
.encircled by the ruins of the shattered cone. Examples of 
smAx an occnrrence have been met with even in present times, j: 



* In Hamilton's Campi Phlegreei are drawings of the variations of form 
of the cone of Vesuvius, from the years 1766 \o 1780, which illustrate Uie 
wogressive elevation of a minor cone in the interior of a crater, until this 
MfmoL is gradually filiei and obliterated. 

f . For an ided section of a volcanic mountain after a paroxysmal erup- 
^OB, see page S3; ^. IS. 

X Strcfa a catastrophe destroyed, in the year 16SS, a colossal cone called 

1fi« Peak, in the Isle of Timor, one of the Moluccas. The whole moim- 

-tsm, which was befere this .cauAiiiually active, and so high that its light 

' w«s visible, it is said^ three hundred miles off, was blown up and replaced 

by a concavity now containing a lake. 

Thriste of Sorea, another of the Moluccas^ disappeared entirely in a 
^imibr D^atuaear, during |t violent paroxysmal eruption m 169S. 

Agllt|i» aecordii^ to M. Moreau de Jonnes, in 1718, on the 6-^7 March, 
ftt:St.,yiai;^t% one ^i the Leeward Isles, the shock of a terrific earth- 
qviake vwifeh^ smd e^4$ «>f a$)ies wiqr^,driv4^n \ntb the ,air with violent 

L 2 
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and in the remains of ancient volcanos now apparently ex^^ 
tinct, or at least dormant, we may observe proofs of thesie 
phenomena having not unfrequently taken place. 

Explosions of this extreme violence are naturally to be 
expected to characterise the return of a volcano to a condi* 
tion of external activity, after a long period of apparent 
repose occasioned by the long predominance of the repressive 
forces. And such a burst seems to have taken piace in the 
great eruption of Vesuvius, a. d. 79, by which half of the old 
cone of the pre-existing mountain was blown into the air, and 
buried Herculaneum, Pompeia, and Stabiae, under its tritu- 
rated ruins. The remaining half of the cone exists in the 
Monte Somma, and there can be little doubt that the modern 
cone of Vesuvius owes its origin to that eruption. 

The still active volcano of the Isle of Bourbon p]:esents a 
remarkable analogy of situation to Vesuvius^ rising in a simi- 
lar manner from the centre of a vast semi-circular enclosure, 
formed by precipitous cliffs, which consist, like those of 
Somma, of alternate beds of basalt and scorias, whose inclina- 
tion and direction prove them to have been produced by a 
volcanic vent, nearly in the same position as the present one. 
In this case, as. well as that of Vesuvius, the appearances are 
only to be explained by supposing half of tne cone of an 
ancient volcano existing on the spot to have been suddenly 
blown up by a severe paroxysmal eruption of the nature of 
those we havci supposed above, which nad been preceded by 
a longer than ordinary interval of outward inactivity. 

This paroxysm seems to have been succeeded by the length* 
ened phase of moderate and prolonged activity which has 
characterised this interesting volcano from the period at 
which the island was first colonized unto the present time. 
Indeed these circumstances are common to many volcanic 
mountains. The island of Stromboli presents a cone rising 
from within the circuit of an older crater. De Bucb 
observed, in the island of Tenerifie, a semi-circular wall 
of precipitous rocks S500 feet in height on some points, 
and of immense diameter, which partly encloses within its 
limits both the cone of the Peak and that of Cahorra, almost 
the Tival of the former in magnitude. This enclosure is, evi- 
dently the remains of a vast crater or chasm formed at 86me 
- - - ■- - ■ ■ 

detonatioQS from a mountain situated at the eastern end of the island. 
When the eruptibn had ceased it was found that the whole mountain had 
disappeared. A hnrricane accompanied this catastrophe, caused, -it may 
be piresumed, by the asceiidhi[|^ draught of air created by the explosions, j 
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distant epoch, when the upper half of this volcanic island wa9 
blown into the air by one intense eruptive paroxysm. 

The volcano of Pichinca, in Mexico, visited and described 
by Humboldt, has an elliptical crater of this natur^ 1400 
prds in diameter, and between four and five thousand feet 
in depth : its inner sides consist of steep and tremendous pre^* 
fsipices* Many parasitical cones are dl>servable at the bottoni ; 
one of which at least is in activity, since the red-hot scoriae it 
projects are visible by night. 

The circular hollow called Astroni, in the Campi Phlegnei, 
neslr Naples, as well as the Sol&tara, may be mentioned as 
additional examples of craters produced in this manner* The 
former exhibits, in the middle of the plain which forms its 
bottom, a small parasitical cone, the result of a miuojr erup^o 
tiQtt subsequent to the formation of the enclosing cavity^ 
Precisely the same feet is observable in the basin of the lafce 
of Roneiglione, a much larger specimen of such a crater, from 
the centre of which rises a secondary cone of considerable 
dimensions, itself possessing a very regular crater. This last 
also is one out of mftny examples of the occupation pi these 
craters by a lake ; a circumstance which necessarily results 
from their form, whenever the conglomerates which lin^ the 
interior slopes pf the basin ave not permeable to water. 

It is indeed highly probable that all those remarkable cir« 
cular lakes which ave so commonly met with in volcanic 
districts, and particularly in the west of Italy, central France, 
and the left bank of the Khine, owe their origin to the destruc- 
tion of the upper and central part of a volcanic cone by a 
paroxysmal eruption. 

The skirts, or talus, of the mountain would, after such a 
^ ^catastrophe, remain as an enclosure to the cavity if produced, 
and in most cases present an abrupt precipitous escarpment 
towards the interior, and a gradual and snelving slope out- 
wardly. Such are, in reality, the characteristic features of 
almost all these natural basins. 

Their forms have been of course, in some degree^ smoothed 
down and softened bythe accumulation of fragmentary matter 
eiected by the parojjpysmal eruption, and occasionally by 
those of subsecjuent explosions of a minor nature, which, 
as was observed with respect to the Lagodi Roneiglione, have 
sometimes raised up parasitical cones within their interior. 

Thus, where the volcanic mountain consisted of a more 
than ordinary proportion of incoherent matters, and those of 
a light and loose texture, suc|i as lapillo. an4 f^spathic tufas. 
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the basin is encircled by ridgy elerations composed of these 
substances, to which the influence of time and meteoric denu- 
dation has since given a still gentler outline. 

As examples of subh basins may, be instanced, those tX. 
Agnano Averno, and Roneiglione in Italy; of Laach, oti th^ 
left bank of the Rhine ; the Pulver-Maar of Oillenfeld ; the 
Ulmener, Dreiser, and Mosbrucher-Maare, in the Eifiel. b 
the island of San Miguel is a crater of this kind occupied by 
two lakes, and fifteen miles in diameter.* 

§•10. But all the circular lake basins of Voldtnic dffitrieii 
do not result from the destruction of a volcanic mountain and 
the enlargement of its central crater. Many such are to N 
met with, which have been evidently prddi|ced by a single 
eruption from a new vent, through rocks previously iataetj 
consisting of a circular elliptical cavity hollowed obt of these 
rocks, whether primitive or secondary, and surrounded by tt 
ffreater or less accumulation of fragmentary ejectionSi li 
Kict, if we suppose the fo<;us of an eruption from afty fredi 
point to lie more than ordinarily deep ; while, at the sbdi« 
time, its expansive force is extreme, the explosions of steatt 
trlnch discharge themselves with vast rapiaity through* the 
fissure of communication with the outer air, will eiilar^ the 
point of this fissure, on which they escape into an bpening of 
very considerable diameter; breaKing up and shattering into 
fragments the rocks on either side ; while, at thie same timet 
from the depth of the fissure, the lava will be unable to rise 
to its mouth, and only a small proportion of this substance 
will be discharged outwardly in the form of scoriae; the 
weight of the lava, elevated in the vent, alone sufiicing to 
stifle the focal ebullition, and prevent any farther intur 
roescence. The result of such an eruption would be th^ 
formation of exactly such a crater or cavity as we have d^ 
scribed above; and examples of which are to be seen in the 
Lacs de Thalaba Gu^ry and Paven (Auvergne) ; in i^ 
Meerfelder Maar, and more than twenty other similar lakes 
intheEiflel. 

, The very frequent occurrence of these basins in the EiffeJ) 
where they have been opened through a formation of grejf^ 
wacke slate, confirms the above theory of their origin; not 
only because of the comparatively friable nature of this rock) 
but also sinc0, in this instance^ the focus may be reasonably 



* Webster's' Account of the Island of San Miguel. — Boston, 181S.' 
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ci^DJectiired to Jie deeper thaa* where the priiaiti?e rocks 
^ow themselves on the surface. * ' ' ' 

' Among the lakes pf this kind quoted as etistiiig In Francey 
that of Ihalaba is excavated in granite ; the others in the ba- 
^Uic or trachjtic beds of a v^st volcanic mountain. The latte? 
9re of course to be considered in the light of subsidiary aper- 
tures subordinate to the ^reat central crater of the volcano. 
. The lake of Gustayila in Mexico, described by Humboldt^ 
and of which an engraving is published in his ^^ Yues de^ 
Cordilleres/' is a remarkable example of the same kind. 

' ^§• 11. This leads to the consideration of another' causae 

destructive of the regular form of volcanic cctnes, whtch has 

-pptas ye^been aJluded'to. " : 

This consists in the bursting of lakes whiph have formed 

tliemselves* within their craters. Whenever the pulverulent 

ejections of a volcano are of isuch'a nature as t6 form a clay 

or paste on mixture with water (and this is the case with the 

felspathic lavas in general), it is obvious that the quantity of 

these ashes, whicli always accumulate at the bottom of a 

volcanic crater, mixing with rainwater, must soon form an 

jmpervious coating to the interior of this basin, and forc^ the 

.^ater falling from the skies to collect into a lake. This bbdV 

j»jr water, under favourable circumstances, will increase gra-* 

'dually in depth and volume, iiutji it finally overcomes, ob 

some point, the resistaiice ofiered'by the loose and fragmentair 

.matters forminjg the ^ides of the cpne^ breaks through this 

inefficient barrier, and rushes downwards to the lower levels, 

carrying with it the naass of loose substances through which 

.'the torrent has forced a channel, and spreading them dver the 

aurface on which it discharges itself. Thus producing alluvial, 

or rather eluvialy formations of considerable volume. 

. The bursting of such lakes may also be occasioned by othdr 

more immediate causes than the mere weight and lateral 

pressure of their waters j viz. by the occurrence of an earth- 

^ quake, or a fresh eruption' from (he volcano beneath ; whicJh 

in this case will give rise to what are vulgarly called mud 

eruptions^ and igneous eruptions, at the same time. 

These aqueous or eluvial eruptions appear to play a great 

?art among the phenomena of the South American volcanos. 
•orrents of mud or fine volcanic ashes mixed into a paste vntjAi 
water, occasionally burst from the ^ides ot summit of these 
stupendous volcanic mountains, carrying destruction-into the 
vallfes and plains at their base! (Moya of "Quito.^ - - ^ 
Vast numbers of fish are occasionally found endosed/iu" the 
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KS Origin of Trassy Fokatde Tufas^ and Breccias. 

mtttter of these torrents. These haTe obviouslj been"^ the 
inhabitanis of the crateral lakes, the bursting of which occa- 
aions those deluges; which are always preceded, and of 
course caused, bj violent earthquakes* 

T^e carbonaceous matter which so remarkably characterises 
the substance of these mud eruptions, is probably owing to 
the AlgSB or other water plants that grew within the lake. 

This explanation of the origin of such phenomena is con- 
firmed by tbe fact, that thej only take place amongst the 
trachjtic volcanos, the triturated particles of the basaltic 
lavas seldom mizins; into a retentive paste with water. 

Amongst the voicanos of the European continent, such 
phenomena have formerly occurred; although, at present, 
from the non-exisjtence of trachytic voicanos in a state of 
activity, they are not observable* 

To such circumstances are obviously owing the trass of 
the Andernach district, of the Eiffel, and Siebengeberge ; and 
many of the tufas and breccias of the Mont Dor, Cantal, 
and Mezen; of the Campi Phlegraei, $ind ischia; and in all 
prpbability of H ungary. 

The variety of these fragmentary eluvial deposits originates, 
of course, in the different mineral characters of the commi* 
nuted lavas, and^ their being, in conse<}uence, more or less 
permeable to water, more or less apt to set or cohere to^ 
ffether on reaggregation, as the water gradually drained off 
from them, &c. 

The contraction which they experienced in the process of 
desiccation, joined to the influence of the forces of attraction^ 
has, in many instances, given them a divisionary structure, y 
occasioned, no doubt, by exactly the same process, and regu« ^ 
lated by the same laws, which we have traced alK>ve in the 
case of lavas consolidated by the condensation or exudatioii 
of their fluid vehicle ; productive also of the same modifica- 
tions of form, viz. the tabular, lamellar, globiform, prismatic, 
and columnar, in all their variety. 

The ^i visionary structure in these conglomerate 'rocks is, 
however, less frequently observable, and when it occurs less 
perfect and remarkable than in lithoidal lavas. 

When fissures of any width were formed in these conglo- 
merates, during the process of desiccation, they have l^en 
filled by ^udation of the finest matter remaining fluid in the 
vicinity of the crevice.* 

* :Veiiis of a very fise-grained tufa vertieaJIy cntting through beds of a 
coarser gram and iporous texture, -and to which this origin alone am be 
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These conslotneratesy tike those ^radaeed by ordinwy 
siUuvia, are round of course to contain ocoaaiokially oi^ntc 
remains, such as trunks of trees growing on the. slopeaof 
the mountain at the time of its disruption, or the tbooes of 
animals- which were destroyed by this : catastrophe.* The 
trass of the Rhine district is remarkable forenvelc^ii^agreat 
quantity of vegetable remains ; they are . always in a carbon- 
ized state, and occasionally are found, to contain passages into 
Jet. The Surturbrand of Iceland was no dowt 4epo9ited. 
under somewhat, similar ctreumstances. 

' • • • » * 

%. 19^ The m inoreroptions of an habitual vokano^narticu-t 
larly when in the first or second phase, will teually. Imk^ 
place from foci seated in the axis, or what may be . called the 
chimney, of the mountain, and above the level of the funda- 
mental vent, originally forced through the superficial strata 
by the first explosions of Uie volcano, and through which all 
the materials of the mountain have been successively pro* 
traded. These secondary phenomena being caused oy the 
expansive force of the heated, but solidified lava, elevated into 
this position. 

The paroxysmal eruptions on the contrary must >e sup- 
|)osed to proceed from the penetration of some deeper cleft 
f nto the more intensely heated lava mass below tnis vent, 
occasioned by the general expansive efibrts of this subterra- 
nean bed* 

§. 13. So long as a volcanic mountain preserves a jiuffi- 
ciently conical form, it will be obvious thattne eruptioDSi have 
remained constant to the same fundamental vent. 

Occasionally, however, the ancient and central crater of a 
volcatio appears deserted or -^^ extinct;*' the aeriform explo- 
sions habitually escaping by some new aperture, at a greater 
or iess distancfe from it on the flank or at the foot of the 
'mountain. In this case the mountain loses its regularity of 
^jfbrra, a new cone gradually accumulating around the actual 
* orifice of eruption • 



attribuled, ave obsevvaUe ia the formations of the Campt Phlegrei» aod 

• particularly at Capo di Moate. 

* Thus, after the ^eat eruption of Tomboro in. Java, in 1818, the sea 

J in the vicinity of the island is described by eye-witnesses as covered by float- 
ins pumice and half-burnt trunks of trees, torn of course from the shattered 
sides Of tiie mountain, and lamicbed with ks fragments into the air, by this 
great paroxysmal eruption.*— Journal of Science^ vol. i. p. 855. 



There is Aen iMton towspecltiiatihe. prigitialfun4aj|ien- 
tftl-^ent has boen perinanentljr obstrupted , )^ the mm^ife^ 
wei^t and cohcsioii ^f theoaUera ^cQiWjuWted above a^d. 
within It ; aad that a new veat haa bei^Q prodn^ .t)ii:oug)i 
the ore-existing recks^ eoirespondiog to.tM-n^w and.h^jk 
tilally «etive apertme. 

' The island of Bourbon offiarq aa aouuppte^of suob.a cll^Pg^* 
' * The vast central oaler occupying the . peak of the iaupiepse 
submarine nowitttain which oenstitute tbegrfiater ]>art ^ i\j» 
island, has been to all .af^ieanuwetCOi^ilfteiy liiNMstive io%3! 
very long period. Since its extinction the habitual eruptions 
of the v^^canbhaveapparetttly twioet sbifted tbeir .pq^ipa ; 
Mee to a distanoe of about 15 miles> to the-S* £• in tl»& Plaii| 
des Galaos, andAaecoaditirae. to pointatit laiipli^Ji^s 4i>a 
t*nce, but on the pFoloagation of the alwie lint^ or 9ubten7H 
Hean fissure. At tne first of these two spots ja;npantain o| 
considerable ina|[nitude has been fioriaed, though taferipr tq 
the principal eminence* At the latter, .the^ t<me of- the ^t ua) 
Volcano has been thrown up^ and cootinaes rapd^f inc^e^s^ 
iii heightaiidcbalfcy fbom tfo fbeqtient^.aadalBiopt p«rilianent| 
eruptions, which take place from its summit. 
' When the principal craterof an hafattval.irolcfupQhaa bpen 
in thid manner deserted, it is often reduced to the opndittonof 
a 'Ekrffatara. bj the contsnaed emanatita. of acid vapours froD^ 
tike mass ot heated but soli^fied lava.rematntpg in the cbimr 
ney of the mountain. These vapours force their way by ipejTr 
eolation through the pores of the rock or crevices too narrow 
to permit any .fresh intumescence below^ and bjr the gradpal 
less of caloric tfausaustaioed' the residuuiB of lava is eventtv 
ally cooled down. The process may^ however^ las^ for f^entiv- 
^ies/as has be^i the case with the Sol&lara of PoezuoUr which 
"from 'the white colour <3i the altenedt laVa-rocks waatcalled 
'AtMcoytor by Homer. 

These slow emanations of vapour ai^pear to be almost ea* 

•tirely>confined to the trachytic volcaoosof which the lava, as 

lias been remarked in a fotmar .chaiiter, when solidifi,ed, is 

iisually more porous than basalt; and thi^ is a strong confir- 

. jnation of the correctness of the origin here attributed to 

them. On a former occasion instances of Solfatare have beea 

'given^ and the process, of aUefation which the lava and con- 

J glomerate rocks undergo hy the percolatiQn of acid and 

heated vapours through their pores or crevices, described. 

The various, saline and metallic depositions, which result 

'fvot» these changes,, ha v& also been already enumerated. 
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CHAP. VIIL 

Subaqueous Vvlcanos* 



|» 1. As yet pur attention has .beea^confined to the phono- 
inetia of thofie volcanic vents which open at once in the atmos* 
pihere ; but it mudt not be for^tten that such apertures are 
liable to be treated on any point of the globe's surface, and 
therefore, ais well on those which are covered by permanent 
bodies -of watef ^ a$ on th^ dry sar&c^ pf ouf tcqiUilient^., j^ 

Indeed^ from tti^,fa,r greats exte<it 'of surface of th^ former 
dbarael^r,. wbicliir'jQSQ9M4 <that of land ia the proportion of 
three to ope, :<wev might ^xpctct the uumbeT -of' subaqueous 
eruptions infinitely tQ ey<^eg thp$0.that take. place in open 
air. It must, however, be rememb^ed, thajt, the repetition of 
eruptions from the sajne vent has the effect, of rai^in^ tb^ ^P®^ 
'6f*uie ' subtnarihe volcanic mountaitt above the level of -the 
sea; and that, with the greater number of habiiual submarine 
vents,. this limit of elevation haa already beeii reached,, find 
they have become visible as^ insular volcanos*. 

It is necessarily very seldom that an opportunity is afforded 
of observing a volcanic eruption from the bottom of the ocean, 
or any inland sea. The resistance created by the greater .den- 
•eity of the medium must, as we shall shortly see, prevent the 
explosions, in most instances, from reaefaing its surfiice, and at 
all times from attaining any great height above that level ; 
and, consequently, from being visible^at any con«iderable dis- 
tance; and it is only to th& crews of rassels casually passing, 
«that sudi an <^>portunityean occur. We must not expect, 
therefore, to be possessed of many ajccoHots of such pheno- 
mena. 

\ 

§.13; Instances, however, are not wholly wanting, and the 
details of what .has been observed on these occasions, l^ad us 
to conclude that the volcanic phenomena take place exactly 
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in the same manner from the bottom of the sea, as from tlie 
open surface of a continenty subject only to the modifications 
produced by the greater density of the surrounding medium, 
and the greater external pressure^ caused by the weight of 
the overlying column of water, which in this case becomes one 
of the elements of the repressive force. In fact, it cannot be 
otherwise, since we know that the instant the cone of the sub- 
marine volcano raises hs peak above the waves, it enters into 
the class of subaerial volcanos, and the nature of its activity 
is, in all respects, precisely the same as that of a continental 
vent. 

The instances, which have been* witnessed, of submarine 
eruptions, are; 

I. An eruption oiTSt. Michael one of the Azores in 1638,* 
* . other eruptions took place from the spot in 1691 and 

17S0, which produced an island six miles in circum- 
ference. 

% That which gave birth to the Isola Nuova off Santorini 
in the Grecian Archipelago in 1707.+ Santorini itself 
is reported by Pliny to have been produced in the same 
manner B C 236, as well as two other neiehbouriiig 
Islets, Jera and Thia. These were enlarged by sub- 
sequent eruptions. 

3. That of Sabrina, near Stf Michael, one of thp Azores. 

in 1811. 

4. An island thrown up at some distance from the coast of 

Iceland during*the violent eruption from Skapta Jokul 

iii 1782. 

» ' . < 

5. A new volcanie island formed in the Aleutian groupe 

near Uanalashka in the spring of 1814, called Bojusr 
law by the Russian hunters.* 

On all these occasions columns of smoke by day, and flames 
,(jets of red hot scoriie) by night, were seen to rise from the 
, sea, which was considerably agitated, discolored, and heated 
to such a degree as to kill numbers of fish. 
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^ * Sanderson's Hist, of Charles I. Memoire^ 4g1 'Academie, 17f 1. 
. , t Hist, de TAcademie, 1708. 
*.Kotzebu^. 
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At length the dark coloured rocks shewed themselves above'^ 
the sea-level. These, in the case of Sahtorini, were both 
fragmentary and lithoidal (lava), and the island produced by 
that eraption has consequently remained firm ;— ^in the other 
instances the fras;mentary cone alone appears to have risen 
above the water-fevel, and the action of the waves and marine 
currents upon those loose maKers, soon mined and degraded 
them, reducing the island to a submi^rine shoal. 

The result of actual observation in these instances, and of 
the whole mass of reasoning k priori, is, that a volcanic 
eruption taking place from a vent opened below the level of 
a body of water, conducts itself in a manner very little if 
at all different, from a subaerial eruption. The same explo- 
sions of aeriform fluids are observed ;' — rocky fragments, 
ignited scoriae, and their comminuted ashes, are thrown up- 
wards; the heavier in falling must accumulate, round the 
vent, into a cone with a central crater, while the lighter will 
be borne to a distance by the tides and current^ of the sea. 
Lava issues, and spreads over the subaqueous bottom, seeking 
the lowest levels, or accumulating upon itself, according to 
its liquidity, volume, and rapidity of congelation^; following 
in short the same laws as when flowing in open air. . 

Humboldt and De Buch have both published as their opi-' 
nion, that in submarine eruptions the strata previously form- 
ing the bottom of the- sea, are uniformly elevated, and that 
positive eruptions do not take place from the vent until these 
strata have oeen raised above the sur&ce level of the sea. 
There is, however, no reason a priori for supposing such an 
anomalous distinction between the mode of action of suba- 
queous and subaerial volcanos ; and still less is the suppositioii 
warranted by observation of such phenomena^ since, m all the 
cases already mentioned, the only rocks which showed them- 
selves above the sea-level were uniforiQly either lithoi4al or 
conglomerate lavas, the products of the eruption by whicl| 
they were raised. 

§.8. It is true that the vast augmentation of the repressive 
force occasioned by the pressare of the column erf water 
above the vent must proportionately impede the ebullition of 
the lava to which the fissure of escape penetrates; but .the 
resistance to elevation of the solid strata, which form the 
pavement of the ocean, is augmented exactly in the same pro- 
portion ; so that these are not more likely to give way to 
the effects of the expansive force, than when exposed to the 
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' Ifit. Tliat^ when the expaosvve force, of the confined lava 
t has at length overcome its antagonist, the, tension oC 

the mass, and its temperature, mpst bapropprtionateljr^ 

intense; and 

2dly« That the vapour which escapes from the lava, omxig 
to its excessive tension, will be speedi]j refrigerated, 
by contact with the colder strata of waiter throu^ 
which it passes in its ascent, and condemed by the im^ 
mouse pressure; so that, unless when the eruptioB 
takes place where the water is shallow, no 'volumes of 
vapour wiU rise to the surface^ and consequently not 
' . aeriform discharges will announce the oocuvreace of 
the eruption in the depth of the ocean. 

' Torrents of lava will be produced, and scorie and other 
jR^agmcntary matters thrown up to a certaiii height, by^ everj 
liuch eruption ; but until their accumulation shall Imv^ raised 
ttfe orifice 'of the mountain to such an elevation^ tfafii the 
aqueous ysipours it discharges are no longer wholly condensed 
by the pressure and refrigerating action of the surrounding 
water a^ they rise, no other appearance of its eruptions wiU 
he visible firom without, than wnat consists in the partial disr 
foloration, and heating, of the water above the vpicaao« 

When therefore the eruption becomes visible, and the v:» 
pours produced below are diseharged i¥om tfao smrfaee irf ihh 
sea, and particularly when they are seen to throw up semris 
Iflbove its level) it may be safely argued liiat the sunuBit of 
the submarine volcano is aft no ^^reai depth, and 4h«t few 
niore eruptions are required to raise it above the searlevel, 
ziiA create a aew ismnd, or insulated sub-aerml irolcaiiie 
mountain. 

§• 4* The mineral or saline compounds which, in greater or 
iess^qiiantities, always accompany the aqueous vapoul: evolved 
fiHtaD a, Tokanic yeni^ wtiU on the condensation of this vi^oiiir 
min^e with the waters of the oc^an,and add to the ingredicya^ 
«f the same nature with which it is inpi^natod* 
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DifpogiTtoit oir Pao&uots. 

%. 5i Though the Tolcanic phenamena seem to beawentially 
Ihesame, whether acting fronk a subaqueous veot^ or one ia 
ot>eti «ir, yet the diflbrence of the medium into which the 
vruptioU breaks^ forth, must considerably modify the dispoiitum 
of tne substances produced • 



Frogmentary Rocks* 
♦ 

A large portion of the fragments thrown up will accumulate 
immediately round the vent, into a cone ; but those which are 
scattered to any height by the gaseons explosions, and parti^ 
cnlarly the lightest and finest of the fragmentary matters, witl 
be suspended for a considerable time in the' agitated fluid, 
itepartirig to it a turbid colour, and upon the cessation of the 
disturbing causes will be gradually and evenly . deposited, 
t^ver a large stvrface of the iwttom of the ocean, in the form 
of sedimentary strata. » ' . j 

^ Hence the stratified and conchiferons tu&s/which eover the 
maritime plains of Western Italy^ the Campagna Ai-RoniUy 
and the Terra dt Lavoro^ and which have penetrated the 
proximate vallies of the Appenines, then maritime oreeks or 
IBiltuarteff. Pufnioe, it is well known, floate upon waler; 
#faen therefore the fragmentary qections are of this nature^ 
ttey may be driv^nby winds or currents often to very great 
€{stan(ses, add deposited oh the shoves towards which the cnt»^ 
i^^tits Set. . , 

*' if the waters^ beneath which' th6 eruption oecurs, are ia^ 
pregnated wifh calcareous matter, the tufas formed in this 
manner will have a calcareous cement, and wiH contain sea- 
shells, &c. ; or will occasTonalty alternate with the limestone 
deposits of the surrounding ocean. 

« Ihfei maimer* were prodfkced the calcareous and. ^oilthi- 
ferous Peperinos of the Veronese, Yicentino, and the Euga* 
flinm hills ^ of Sodthem Smij; thd«b of the fvesh- water basin 
*0ff the lAmagtt&D'Anvievgnpe', the Puys de Menlon^ do la Poiai, 
'^ftc. &c. 

On all thes^.points basalt, as; well as caloarecnbasaltic co)a- 
^loihelrate, aUemate repeatedly with regular strata of limo- 
-'ston^. 

i ' .When the comminuted and pulverised ejections are of 8«ch 
a nature as to mix into a paste with water, it «p|»ears. that the 
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mass constituting the cone, and whicb, from the vicinity of 
the vent, is intimately niin^d by* frequent agitation with the 
surrounding water, and perhaps influenced by the intense 
heat emanating fitm the volcanic orifice, assumes a greater 
consistency and solidity than the strata which are deposited 
as sediments at a distance from the volcanic mouth,; ^ eves 
on the surface of the cone itself, after the cessation oi the 
volcanic explosions. 

Thus the tufa which constitutes the mass, or nucleus, of 
the eminences surrounding the submarine craters of the Phle- 
grsan fields is sufficiently solid to be worked as a building 
stone ; while the intervening flat spaces consist of loose tufe, 
identical in composition with the other, and difiering (Hily 
from it in the incoherence of its parts. These beds of loose 
tufa are scattered also on the surfaces of the harder cones. 
The difibrence of solidity between these varieties appears to 
consist in the former having setj or effiscted a degree of attrac- 
tive cohesion, during its desiccation ; in cmisequence, proba- 
bly, of having been intimately mingled into a paste with 
water by the violent agitation of the fluid surrounding the 
vent. 

The soUd tufa, or trass, of the Rhine volcanos, is precisely 
similar in coherence and quality with that of the Phle^rasan 
fields, and owes also its consistency to being violently agitated 
with water, though under difierent circumstances, as has been 
seen In a former chapter. Even some of the finest ashes 
ejected by the eruption of Vesuvius in 18S8, and carried down 
by torrents over the slopes of the mountain, caked toge- 
ther, on desiccation, into masses of such solidity, as to require 
a sharp blow of a hammer to break them. They also occa- 
aionally assumed a prismatic configuration on the small scule. 
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« 

There can be no doubt that the same laws will influence 
•the disposition of lavas produced below any body of water 
from a subaqueous volcanic orifice, as when emitted in open 
air. They will in the same manner^spread laterally beneath 
the cover of a scoriform envelope, with a rapidity,, and to Im 
extent, proportioned to the expulsive force, their fluidity, and 
the 'Permanence of that fluidity, and the accidents* of lev^ in 
the surrounding surfiicear. : 
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tyf these circiinistonces the firsts viz. the expulsive force, de- 
'J)eiidiDg chiefly on the energy of the eruption, is not probably 
influenced in any way by the pressure of the upper column of 
water, since the augmentation this produces in the expansive 
force is balanced by the corresponding increase in that otre* 
pression by which ttie energy of its development is diminished 
in an eaaal ratio. The same may be saia of the actual flu- 
idity or the lava, at the moment of its emission from the 
vent ; but the permanence of this character is materially af* 
fected by the overlying body of water. The great density of 
the medium with which the liquid lava is brought in contact, 
by the resistance it offers to the escape of its elastic vehicle; 
must have the effect of prolonging its fluidity, and conse* 
quently, ceteris paribus^ must augment the extent of its lateral 
spread upon the same inclination of surface. 

Thus we should expect lava beds produced at the bottom 
of the sea to exhibit a greater lateral extension compared to 
their thickness, than those which have flowed under the pres«» 
•sore of the atmosphere alone ; and that this extension should 
be proportionate to the depth of the column of water they sup* 
ported. This reasoning is strongly confirmed by the universal 
remark of the great horizontal dimensions of those lava bedd 
which are considered as of submarine origin; such as the ge«^ 
Derality of floetz-trap formations; e. g. those of Iceland, 
Ferroe, Ireland, the Hebrides, Germany, &c. 

Again ; it must be expected that currents of lava which 
have flowed at great depths under water, will present compa* 
ratively few scoriform parts; the surface of the lava bemg 
instantaneously consolidated, and the escape of the vapour 
bubbles, (by the ascending force of their interior specific gra« 
vity) rapidly checked, by the intense external pressure acting 
on the surface of the current; and this almosit total absence €)i 
scoriform surfaces has been so generally observed amongst the 
older submarine traps, as to be a frequent cause of perplexit]^ 
id geologists. 

Vesicles or air-bubbles, on the contrary, should be expected 
to abound in the interior of the rock, whenever its liquidity 
was sufficient to permit the agglomeration of the vapour into 
parcels; the extreme tension of the elastic fluid causing th^ 
expansion of the bubbles as the lava flows on ; While, for the 
reason mentioned above, very few will make their escape by 
rising outwardly. 

Hence the numerous vesicular lavas^ or amygdaloids of the 
floetz-trap formation. 

M 



i78 Origin ofAm^gddkids. 

. I have already Qotfced, in a former chftpter, t]i& oeca^tUtoal 
occupation of the vesicular cavities and peres of a If^va-rod^ 
■subsequently to its consolidation, by cncstalliaed minenilfl^ 
deposited from water peroolating tUrougn IhaBe intentkea ; 
find it is obvious, that a bed of lav% existing for a loog.pMiod 
under the surface of the sea, and exposed. ti> an intense pr<^ 
jMirei will, be far more liable. to the uercolalioii .of water in 
jthis manner through its substance, tnan when consolidated 
jn air. As those elastic fluids, which reoiain in it subseqnentlj 
to its consolidation, are slowly condensed by refrigeration, 
they tend to product a vacuum in the various cavities Ihey 
occupy, and oppose no resistance to the penetratiim of water 
from above, .which is surged to descend, not by its own weii^lit 
alone, and that of the atmosphere, as in the case of a subaerial 
rock, but by that. of the whole supported column above, in 
addition. 

It is also obvious, that the various mineral substances con^ 
tained in the water of the sea, by entering into newcombina'- 
tions with the silex and other substances, volatilized, or'sufr- 
pended, in the condensed vapours of the lava, may ocGasion 
|he crysiallixation of new minerals within the vesiclea and 
ininute interstices of the rock; and this^ appears to be the 
prigin of .the numerous varieties of zeolites^ and other mine^ 
rals, that characterijBe the.aroygdaloidal basalts and traps, of 
which the greater number have been certainly produced by 
subaqueous yolcanos. The slowness with whicn tb^e sub- 
stances are separated from their aqueous menstruum, is pro^ 
bably the cause of the great regularity and perfection of their 
crystalline form. 

. §• 7. In the case of subaqueous eruptions it will be rarely 
possible, of course, to distinguish whether they take place 
from a now or an habitual vent. Both cases, no doubt, will 
occur, as on terra iirma. 

In the neighbourhood of Milo, one of the islands of the 
Archipelago (itself a polystomalous volcanic cone rbing from 
the depth of the sea), there exists certainly a submarine 
habitual volcano, which, at different epochs, produced the 
two isles Thera and Therasia (now Santorini), Jera, b.c* 
106, Ttiia, A.D.4; another near Thera, a.d. 47; in 7S7 
united the two islets of Thia and Tera, . and enlarged it in 
14S7; produced in 1573 the isle called the Little Kammeni^ 
and added to it in 1707. The insular cones thrown up 
by these different eruptions, are so near to each other, that 
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Ui^y niitst be snppc^d pftrasitical or subsidiary apertures of 
tiie same fuodamental volcano. 

^ On the other band, the Phlegraean fields, as the volcanic 
district of Pos&zuoli and Cumae, near Naples, have been called, 

JiresenI an instance of numerous submarine eruptions, each 
irom a fresh point on a shallow shore. Some of the cones 
left by these phenomena are very regular and entire ; others 
present lengthy circuitous ridges, embracing crateriform ba« 
sins, of which some contain lakes. They are all formed of an 
indurated felspathose tufa, containing occasionally 'sea-shells 
and fragments of wood,. both uiimineralized, and are covered 
by strata of loose tufaceous conglomerate, similar to that 
which is generally dispersed over nearly the whole neigh- 
•bouring plain of Campania, and which appears to have been 
deposited there at a time when the Mediterranean washed the 
.foot of the nearest Apennine. 

k* 8. When, at length, the summit of an habitual volcanic 
cone is permanently elevated above the surface of the sea, it 
enters into the class of subaerial volcanps, and produces on^ 
of those volcanic islands which are of such frequent occur- 
rence in the Atlantic, Pacific, and Indian Oceans. . 
- But it is not solely by the accumulation of matters eructed 
by its successive eruptions that this increase of height can take 
place. It may be produced without any addition of bulk to 
the mountain itself, by its elevation en masse from below, oc« 
casioned by the general expansion of the subterranean bed of 
lava, which may. also raise, together with the volcanic cone, 
a greater or less superficial extent of the neighbouring strata 
forming the pavement of the sea. 

This has probably happened to the coast of Italy, just de« 
scribed. The volcanic cones of the Phlegraean fields have 
certainly sustained a great change of level, relatively to the 
surface of the sea, since their formation, but without having 
received any addition to their bulk by subsequent eruptions* 
Again, the flanks of ^tna are in many parts formed, to a very 
considerable height, of alternating beds of lava and tertiary 
limestcme full of shells. 

We are thus led to distinguish between the islands of vol- 
canic origin, or those parts of them which were produced by 
subaqueous eruptions, and subsequently elevated above the 
sea-level (with or without any superincumbent calcareous or 
arenaceous strata), by successive expansions of the subter- 
ranean lava-bed; and those islands, or their parts, which have 
progressively risen above this level, by the gradual accumula* 

M 2 
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lion of matter expelled during repeated eruptiong trcm aft 
habitually active vent, and in which this prooess has contt<- 
tiued long after their emerging into open air. 

■ * 

%. 9. The latter will have all the characters of a volcanic 
mountain, viz. a pyramidal or conoidal form, and a structure 
of alternate beds of lava-rocks and conglomerate, dipping 
more or less rapidly away on all sides from the central 
summits. ^ ' ^ 

The former class of volcanic formations will seldom exhibit 
this regularity of form and structure. In fact, the lava beds 
which are produced at any depth under the sea level, spread, 
as we have observed, to a far greater lateral extent than those 
emitted in open air ; and, again, the abrasive action of the 
marine currents will generally disperse the accompanying 
fragmentary ejections to a greater distance from the vent. 
Hence, a submarine volcanic mountain will not present by 
any means so decidedly conoidal a form as one thrown up in 
open air, but will be far more depressed and flattened, and 
composed of comparatively horizontal beds. 

^g^in, the forcible elevation of such a mountain, or of anj 
part of it, by subterranean expansion, will probably still fur* 
ther derange its figure; and, in lieu of a gently sloping coni- 
cal mountain, as in the prior case, its outline will probably 
present vast plateaux witn little or no inclination, enclosed 
by precipitous clifls, or separated from each other by deep 
Assure-like chasms ; and composed of alternate beds of lithor 
idal and fragmentary lava-rocks, exhibiting the marks of their 
submarine origin, as well in their great comnactness of tex- 
ture, in the absence of scopiform parts, an/i perhaps in the 
numerous amygdaloidal minerals they enclose, as in their 
peculiar disposition and general forms. 

The island of Tenerifie will present us with an example of 
both these volcanic formations geographically united. Its 
principal mass consists of an immense volcanic mountain, of 
which the central cone, or peak, reaches ah elevation of 
13,200 feet above the sea. In form, this mountain approxi** 
mates to an oblong cone, although its regularity has been 
greatly dtstui^ed by the products of uumerous lateral erup« 
tions. The principal crater evidently once occupied the 
centre of the ellipsoidal base, and corresponded with it in 
shape and dimensions. Of its enclosing walls, one half only, 
as has been already said, remains, in a vast semicircular range 
of cliffs, within the area of which rise the more recent cones ef 
the Peak and Chaborra* But this immense mountain constt* 



lutes little more than two-thirds of the superficial exteot of 
the island. Oa its north-east side, and in tne prolongation of 
the longer axis of the elliMoid, projects a remarkable head- 
land, diOering from the otDer part totally in form, strocture, 
and composition; having ratlwr a fl»t and terrassed than a 
conical outline, and being made up entirely of vast horizontal 
beds of basalt and biiealtie eoni^lomerate, while the rocks of 
the volcanic mountaioe are wholly tnichytic* 
Fig. M. 



^ 



Skctch or A Map of TBNKiunE. 

The basaltic district is clearly a submarine volcanic moss, 
elevated above the sea level snfoBer|uently to its production, 
since which time the proximate trachytic volcano has alone re- 
mained habitually active, and continues so to the present day. 

The islniid of Palnia, of which the following cut exhil>its 
a rude sketch, another of the Canaries, offers an excellent 
example of a perfectly regular and complete insular volcanic 
mountain. 
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Its form is perhaps as near an approximation ioibe eone w 
tbe disturbing^ caases which must necessarily influence the' 
figure of such a mass wiH ever permit ; the outline of ittf 
ground plan is nearly circular, and it rises from the coast on 
all sides, at first by gently inclined slopes, which becomes 
gradually more and more rapid, till they terminate in the 
ridge which forms the summit of a steep range of cliffs en- 
circling its central crater. This deep cavity is drained fay 
one outlet, perhaps originally a fissure, such as were de- 
scribed on a former occasion in many other similar localities^ 
' The ravines created by numerous other rivulets, diverge 
like radii from the central heights. A few parasitical cones 
are sprinkled on the surface of its slopes, each of great regu-r 
larity, and productive of its peculiar lava current.* 

The island of Tristan d'Acunha, in the middle of the 
Southern Atlantic, appears to be an insular volcanic moun- 
tain of equal regularity. Captain Carmichael, who visited it 
in 1816, describes it as of a conical figure, nine leagues in cir-^ 
cumference, and eight thousand feet high, with pne large cen- 
tral crater a mile round, and having a lake at its bottom one 
hundred and fifty yards in diameter. The lava and scoriaa 
are basaltic, and o(r fresh aspect A 

Ischia may be quoted as another still better known exam«r 
pie. Its form is sufficiently regiilar, though disturbed by 
numerous parasitical cones, and the lithoidal products of 
lateral eruptions. At its summit are evident traces of a great 
central crater, of vast size, which appears to have been long* 
extinct. The lavas produced by this volcano^ have oscillated 
between trachyte and basalt. 

In fact, such appears to be the general form of all those 
insular volcanos, which have been chiefly produced by habitual 
eruptions from a central vent, since its elevation above the 
sea-level ; and numerous examples will be found, no doubt, 
amongst the immense volcanic Archipelagos of the Pacific. 

Where two or more habitual vents were situated so near to 
one another, as to bring their erupted matters into contact, 
the island will of course be formed of a string of such conoidal 
mountains ; and numerous instances of this are to be ipet with 
in the Leeward Isles and the Pacific. 



* The maps which Von Buch is understood to intend publishing of 
these two islands, together with the accurate descriptions of that celebrated 
geologist, will illustrate the foregoing remarks, and supply the deficiencies, 
of the brief description, and rude outline plans given above. 

f Trans. Linncan Soc. vol. xii. part 11. 
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, Even Java^ a great part. of Sumatra, Celebes, Japan, the 
promontoiy of Kamskateha, aod. many of the larger islands ot 
this part of the globe, appeajr to consist of one or more rows 
of volcanic mountains thrown up from vents produced upoi| 
the same or p^urallel fissures in the crust of the ^lobe. 

The eruptions of such habitual volcanos, will, no doubt^ 
baire beeix often accompanied by contemporaneous local ele- 
vations pf the neighbouring strata by the force of subterraneaii 
expansion; and heace strata of limestone, sandstone, and 
even of granite or the schistose rocks, may form a part of 
these islands without controverting la any way the origin 
here attributed to them. ^ 

Aa examples of islands, ccMnposed chiefly of volcanic pro- 
ducts, which appear to have risen from below the sea, 
solely by subterranean expansion, without haying been siocc^ 
augmented in height or bulk by the products pf external 
eruptions, we may perhaps venture to name the Madeirii 
and Ferroe Islands, some or all of the Trap Islands amongst 
the Hebrides, those of Ponza, Zannone, and Palmarola, on 
^he coast of Italy, &c» 

Iceland, like Tenerifle, presents a union of both kinds. 
The high mountains called Jokuh^ with which this island 
abouncb, marking the site of so many habitual volcanos, whicl| 
ipontinii^ still, or have lately been, in occasional activity} 
while a large part of the island consists of flat plateaux, 
composed or re^peated beds of basalt and basaltic conglome- 
rate (basalt-tuff and trap'tuff—- Mackenzie), bearing many 
marks of a submarine origm, and of their having been subse? 
quently raised to their present level. 

, The isles of France and Bourbon present a similar contrast, 
the former having all the distinguishiui^ characteristics of a sub? 
marine volcanic formation, elevated since the cessation of the 
.eruptive phenomena ; the latter, of an ordinary volcanic moun- 
.tain, produced by repeated extravasations of lava from tw^ 
pr three habitual {sources above the sea-level. One of thes^ 
vents has remained in continual activity to the present day* 

Where a volcanic mountain has been elevated, en masscy 
by inferior expansion, it will be of coui*se accompanied in its 
rise b^ the recent beds of marine formation which had been 
.deposited upon it ; and even strata of earlier date may occa- 
sionally be raised with it by the same expansive force acting 
upon a more considerable extent of surface, than that which 
is loaded by the volcanic mountain. 

Thus, the northern extremity of the Isle de France presents 
a flat plain, composed of a calcareous rock full of recent 
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madreporites, and other coralline bodies, overlapping the 
t'olcanic rocks which make up the remainder of the bland. 
The neighbouring islets of La Platte and Les Colombiers 
oiTer a similar conformation. 

So, again, in the cluster of islands lying eastward of Java, 
the greater part of their surface is composed of coralline beds, 
iinmineralized, and exactly similar to those which constitute 
the neighbouring reefe still in progress of formation below 
the level of the sea* These beds visibly rest upon volcanic 
rocks, which have in this instance been, no doubt, elevated, 
tn masscy together with the coral reefs which had been built 
upon their highest eminences. 

The island of Pulo Nias, on the western coast of Sumatra, 
which is seventy miles long and twenty-five in width, exhibits 
the same fact, throughout its whole extent, with this excep- 
tion, that the coral beds rest on stratified sandstones and 
limestones of older character. The nearest coast of Sumatra 
js, however, volcanic ; and the elevation of these extensive 
recent coral beds,' to a height of some hundred feet, is most 
probably owing to subterranean expansions coetaneous with 
the volcanic phenomena of the neignbouring islands* 
' There seems, indeed, great reason to believe the almost 
innumerable coral ree& of the Pacific and Indian Oceans to 
be generally based upon the summits of submarine volcanic 
mountains. 

Their figure is usually circular or elliptical, corresponding 
to what we may suppose the ridge of the central crater. By 
the ordinary process of growth, so well described by Dr. 
MaccuUoch (Journal of Science, January 18S3), their mass 
cannot attain, at the utmost, to any greater elevation than a 
few feet above high water mark; whereas, in the numerous 
Archipelagos of these vast oceans, a very great number of 
islands, which are shown by their composition and structure 
to have been originally formed as coral reefs, rise much above 
this level, attaining frequently from two to three hundred feet 
in height, and occasionally much more. 

Those, however, which have reached this height, have been 
observed generally to consist of a substratum of basaltic lavas, 
supporting the coralline beds ; and it is a common remark of 
navigators, that they are subject to frequent and violent earth- 
quakes. All these facts combined, make it difficult to doubt, 
that these islands are the summits of subaqueous volcanic 
cones, which, when raised to within a certain distance of the 



■ * Dr. Jack, on the Geology of Sumatra,-— Geol. Trans, (second serie^, 
vol. i. part 11. 
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fiurface of the ocean, are iromediatelj occupied by the remark* 
able zoophytes which elaborate coral, for the site of their 
erections ; and this distance is not considerable, perhaps never 
exceedinff a hundred feet,* these animalcul® requiring light, 
as it would appear, for their support. 

Subsequently, by subterranean intumescence, acting pro* 
bablj by repeated shocks, the mountain is more or less ele* 
vated, and by the continual growth of fresh coral on its 
shelving shores, is progressively augmented to a considerable 
size. . 

If we look at. the prodigious number of coral reeb and 
islands that stud the Pacific, and reflect that the process above 
described, consisting in the creation of new islands, and the 
elevation and augmentation of those already existing, is un- 
ceasingly carried on, we shall be led to suspect that we are 
perhaps witnessing the operations of nature in the slowela* 
tforation of a new continent, which may one day rise in the 
place of the Polynesian Archipelago. 

' It appears from the accounts given by M. Moreau de 
Jonn^s and others, of the structure of the Leeward Isles, that 
they offer another striking example of this association of ele* 
vated and erupted rocks. Those islands which lie farthest to 
the west,' or '^ under the wind," are described as consisting 
solely of volcanic cones, strung together at greater or less 
distances ; while the eastern line of islands is formed of cal* 
careous strata of different ages, and finally of recent coral, 
supported on a foundation of trachyte, and other volcanic 
rocks, which may thcfrefore fairly be presumed to have been 
elevated, together with the overlying strata, by subterranean 
expansion.' 

We shall revert to these proofs of the elevation of marine 
formations, and other non-voleanic rocks, by subten*aneai| 
expansion, at a future oppoi*tunfty. 



* See aa excellent memoir on this subject, . read by M. Quoy to the 
French Institute, July, 18S3. M. Quoy, from the result of his observa- 
tions (on board the corvette Urauie) asserts the extreme depth at which th^ 
M^repores subsist to be thirty feet. 
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CHAP. IX. 

Systems of Vokanos. 



1 

%. Xm Whenever a new vent is broken through the super^* 
ficial strata of the globe, in consequence either of the efficient 
obstruction of some of the neighbouring apertures^ or their 
insufficiency to discharge all the redundant caloric communi* 
eated from oelow to the subterranean bed of lava ; the situa- 
tion of this fresh opening relatively to the other prior vent^ 
will be determined by the local circumstances of tenacity, ana 
solidity, in the strata against which the force acts ;«<^the fracr 
ture taking place wherever these strata are weakest. 

If by the expansive efforts which preceded or accDmpanie4 
the eruptions of the more ancient vent or vents, the overlying 
strata snould have been, as is probable, so much fracturea 
and displaced, as to render them weaker and le6s efficiently 
resistant in the neighbourhood of these points, than on their 
more distant and intact parts, the fissure of eruption will b^ 
jiroduced somewhere in the immediate vicinity of the older 
volcanos. 

. The general prevalence of this law has, without doub^ 
given rise to the numerous groups or systems of volcanic 
vents which are observable on the globe* Of these, some are 
united into clusters or detached irregular groups, the position 
•f each vent bearing no very apparent relation to that of the 
(Others ; such are those of Iceland, the Azores, Canaries, and 
CApe Yerd Isles, in the Atlantic ; and the Archipelagos of the 
Moluccas, and Gallipagos, in the Pacific, &c. 

The generality of groups, however, have a decided Unear 
.arrangement ; one vent following the other in the continua- 
lion of the same straight or nearly straight line ; and when 
volcanos have been formed on neighbouring points out of this 
principal line, they are in almost all cases situated upon other 
prejctiliiyear bands parallel to the first. 
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The came of this remarkable oonformity cannot be mis-* 
laken. It has been observed above, that every freah vent or 
fissure of eruption must be produced on that point where the 
^rata overlying; the subterranean lava mass yield most rea* 
ditj to its expansive efforts ; and there can be no doubt that, 
in the generality of cases, thid point will lie on the prolan^ 
g^ion of the original^sute (Vom t^hich the older volcanos 
were thrown up. But this fissure, when first formed, took the 
direction In which these strata split most readily ; conse- 
quently whatever other clefts are occasionally formed through* 
the same strata, but out of the line of direction' of the former 
fissure, will be most probably parallel to it ; the direction of 
the later fractures being influenced by the same circumstances 
|?hich determined that of the former. 

The operation of this law is so general that it may be 
almost said that wherever volcanic vents have be^n produced,' 
there we may jperceive an example of this linear arrange-' 
ment. 8ome of the most remarkable series of this kind may 
be briefly ndticed. 

Frequent mention has already been made of the two parallel 
ranges of extinct volcanos, most of them pf oducttve of but tt 
single eruption, which stretch across the middle of France irf 
a direction nearly north and south, and to a longitudinal 
extent of more than two degrees. Three colossal volcanic 
mountain^! the Monts Dor, Cantal, and Mezen, the two first 
being sufficiently regular in figure and structure, mark thc^ 
0ite of as many vents of habitual and long continued eruplion&( 
on different points of these isones. 

. Another linear series of extinct volcanic vents mns across 
the north of Gennany from west to east, commencing in the 
fluster of the £iflel, and terminating in the Mittelgebrige ; 
Unless it is allowable to suppose it continued in the volcanic 
groups of Hungary beyond the Sudetengebirge, and Gar^r 
pathians. The volcanic districts of Italy are stretched upon' 
a nearly continuous line from the Montamiata oii the north,' 
through the Montecimini, the Campagna di Roma, and the 
Valley of Pofi and Frosinone, to the Phlegraean fields of 
Naples, which, by means of the Lipari Isles, are connected 
with j^tna and the Val di Noto. Another range runs pa-^ 
rallel to this, (br some distance, in the Isles of Ponza, Vento-*' 
tieiie, and Ischia. 

The Antilles or leeward Isles offer a similar train of vol- 
canic openings, most of which are extinct, although some 
occasionally give rise to rare and inconsiderable eruptions. 
According to Moreau de Jonnes, the islancjs of Sana, St. 
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Eustacbe, St. Gfaristopher's, Nieves, MonUerrat> Giiadaloupe, 
Doininica, Martinico, St. Liicia, St. Vincent, the Grenadines, 
Grenada, and Trinidad, are wholly volcanic, forming a chain 
of vents SOO leagues in length, and running in a direction 
nearly N* and S* Some of these islands consist of two, three, 
^our, and even more volcanic mountains, ranged on the same 
meridian, and connected at their bases. . Martinico has six of 
these conoidal eminences, the sites of habitual v<^canoes^ 
which have been long quiescent. Nearly all have central 
craters sufficiently distinct. 

A still more striking and constant allineation of vQlcanic 
spiracles is displayed in the numerous Archipelagos which 
border the eastern coast of Asia. 

Beginning from the Peninsula of Karastchatka, itself a 
range of similar mountains, the islands of the Kurille group, 
Jesso, Japan, the Loo-choo, Phillipines, and Moluccas^ ibrni 
a scarcely interrupted linear series of volcanic i^la^ids ; 
amongst which many contain vents at present in habitual 
activity, while all exhibit a greater or less number of conoidal 
volcanic mountains, arranged sometimes on one, sometimes 
on parallel zones, and bearing marks in general of recent and 
extremely violent eruptions, 

, But this is not all; for after expanding to embrace the 
whole group of the Moluccas, this chain of vents branches off 
in two directions towards the east and west. It is continued 
in Timor, Sumba, Sumbawa, Java, Sumatra, and probably 
the Nicobar, and Andaman isles, to the western coast of the 
Burmese empire, on the one side ; on the other, crosses New 
Guinea, and stretches into the centre of the Pacific, giving 
rise to the Archipelagos of New Britain, Solomon, Holy 
Ghost, Friendly, Society, and Dangerous Isles, &c, &c. 

A glance at the direction of these linear groups on the 
globe will be sufficient to disprove the strange assertion 
occasionally put forth by Moreau de Jonn^s and ojbhers, of 
their being universally coincident with the Meridians. 

The chain of the Aleutian isles in particular, ,which is 
entirely composed of volcanic mountains closely linked toge- 
ther, is, on tne contrary, directed precisely from east to west. 
. The last mentioned range of volcanic vents, which on the 
west connects itself with the Kanistchatkan volcanos, is eon-> 
tinned at its eastern extremity in the neighbouring promon- 
tory of America, from whence there is great reason to sup- 
pose that a more intimate acquaintance than we possess at 
present with the north-west coast of this continent, will shew 
it to be conjlinned along the shore of the Pacific into Calir 
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ibrnia, wliere many habitual volcanoee are known to he 
situated, and thence through the heart of Mexico, Guatimala, 
Nicaragua, and the isthmus of Panama, to the vast volcanic 
formation of the Andes of South America, which reached 
uninterruptedly to Terra del Fuego, the southern extremity 
of this remarkable continent. 

So extensive a train of volcanic vents, stretching in a curved 
line across the surface of the globe, from 10^ S. latitude ib 
60® N. ; and thence returning again to nearlv 60® of south 
latitude, is a fact too remarkable to be overlooked, or only 
cursorily glanced at. The cause which determined the for- 
mation of so prolonged a fracture through the crust of the 
globe in this direction, is beyond our reach, but the. results 
of this circumstance may perhaps be perceivable in some of 
the characteristic features ef this hemisphere. * 

Indeed so generally does this linear arrangement prevail in 
the disposition of volcanic vents on the surface of the globe, 
that even detached single volcanos or clusters of volcanos, 
appear frequently connected as it were by intervening points 
on which volcanic ' vents have once existed, or may be sus<^ 
pected to exist, beneath the surface of the ocean. 

Thus the Madeiras form an obvious connecting link be- 
tween the clusters of the Azores and Canaries ; and suggest 
the idea that other links of the same chain may exist unknown 
to us below the level of the sea. 

The same may be said of the Ferroe Island?, with respect 
to the isolated groups of Iceland on the one hand, and th6 
Hebrides and north of Ireland on the other. 

§.2. In these systems, whether linear or grouped, one or 
more different vents remain perhaps in occasional activity, 
while the othera in which the repressive forces have perma- 
nently acquired the predominance, appear extinct. 

Thus the active volcanos of a system may be reckoned as 
safety valves, which continually, or by successive eruptions, 
letting off the excess of caloric communicated from the centre 
of the globe to the subterranean bed of lava, proportionately 
obviate its expansion, and prevent the occurrence of th6@e 
forcible ruptures and elevations of the overlying strata, which 
occasion destructive earthquakes, and alter the relative level 
of land and water. 

Should these spiracles become gradually obstructed by their 
accumulated products, or other causes, such heavings and 
ruptures must recommence, and continue at intervals with 
grjeater or less violence, until either entirely new orifices are 
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.opened in the vioinity) or those wbith have long lata doilnailt 
are re-opened. 

It will be however impossible in anj individual instance to 
.calculate the epoch of such an occurrence^ 80 many of the 
circumstances which make up the sum of the force of resist-^ 
ance being beyond the reach of our investigations. 

Man^ &cts may be brought forward in illustration of this 
reasoning. Thus, for example, the train of volcanic vents of 
;tbe iieeward Isles, which bear signs of having existed in full 
imd vivid activity for a long period, are now become so slug- 
l^ish as to offer but two or three eruptions from any volcano 
an the course of a century, and these, when they occur, are 
comparatively trifling and powerless. 

But, at the same time, this chain of inlands, as well as the 
neighbouring co.ast of Cumana, the Caraecas, and Yene^ 
^eia, has long been subject to frequent and violent earth- 

Juakes, which are observed to produce numerous rents or 
ssures through the solid rocks compoi^ing these districts, 
and to elevate them perceptibly at each successive shocky above 
their former leveL* ' 

These two general circumstances, viz. the rarity and insig;- 
nificfince of the eruptions from these spiracles, and the fre- 
quency and violence of the most terrible class of earthquakesi^ 
are obviously connected in the relation of cause and effect. 
Thus again the Andes of the province of Lima, in whick 
there is at present but one Volcano in activity, and that by no 
means energetic, while the neighbouring districts of Quito to 
the north, and Chili to the south, present several, are griev- 
ously disturbed by earthquakes, which often occasion deep and 
extensive clefts throup^h the superficial rocks, so Mde that 
they can be crossed only by bridges.t 

It is a remarkable fact, that the inhabitants of Mindanao, 
one of the Moluccas, are so convinced by experience that the 
habitual activity of the volcanic vents in their island obviates 
the destructive earthquakes which would otherwise ruin their 
towns, that whenever these volcanos are quiescent for a longer 

. * See Mrs. Grabam's accouqt read before the Geological Society. The 
conoectioa of these earthquakes with the volcanic veuts of the Leeward 
Isles was further proved by the eruption of St. Vincent's in April, 1812, 
but a few days after the terrific earthquake which desolated the provinces 
of the Caraecas in the «ame year. 

f Mr. Caldcleugh says expressly, that of late years while there has been 
an increase in the number and violence of earthquakes, the eruptions from 
the volcanic chimaeysof the Andes, have been proportionately rarer. 

Travelt in S, AiMricUt vol* ii» p. 48< 
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peHoA than usual, tbev sacriflee a slave to appease what they 
suppose the wrath of the Deity that inhabits them. Tte 
same opinion is reported to prevail among the natives of 
Sumatra. 

§ 3. The continuance of the process^ of elevation,^ thus oc- 
casioned by the absence or oWruction of eruptive vents 
which might relieve the subterranean lava bed ojf^ its redun-* 
dant caloric, when operating on any extensive mass of the 
overlying strata for a great period of time, must raise them to 
a proportionate height above their former level, and at the 
same time give rise^ to numerous fractures, dislocations, and 
irregularities of position. 

We have no reason to doubt that the transmission of calorie 
from the central parts of the globe towards its circumference^ 
to which we have been led to refer the phenomena of volcanos 
and earthauakes, has been constantly in operation, at least 
with equal, if not greater energy, since the infancy of our 
planet. 

' Consequently we should expect to find in the constitution 
of the crust of the globe indications of such changes of level 
in the superficial strata composing this crust, and frequent 
traces of the fractures, dislocations, and irregularities of posi« 
tion which must have been occasioned whenever they were 
elevated in an extreme degree* 

How completely the appearances presented b^ the strata 
of our continents, and more particularly those which compose 
their most elevated or mountainous districts, correspond with 
what would thus appear k priori to be the necessary results of 
tiie process in question, must be obvious to every one. 

The inclinea position of these strata, their manifold in- 
flexions, the mutual intersections of their fractures, the veiiis^ 
shifts, or faults, that interrupt their continuity; all which 
marks of disturbance encrease in frequency ana evidence as 
we approach the mountains, that is, those points whichy under 
our hypotkesisy have sustained the maximum of elevation i 
while, on the other hand, the composition and contents of 
these strata prove that the greater part of them originally 
existed at the bottom of the sea in a horizontal and continuous 
position ; these and the numerous other circumstances which 
It is needless to repeat, since they have been so ably and 
eloquently enumerated by the advocates of the Hnttonian 
theory, compose an irrefragable mass of evidence in favour 
of the progressive elevation of our continents by a force act* 
ing from below upwards. 



19S QMittenis raised tn masse. 

Here then ire have a g^ies of effeetscdmpletety adapted! 
and proportioned to that cause, which the phenomena of vol- 
c»iio3 prove to be in constant operation. . 

On the one hand vast masses of the globe's crusyt exhibit 
incontestible signs of their having been gradually raised by 
ihe su^easiVe efforts of a powerful force acting froid betow 
them* ' . t 

On the other the still active volcanos scattered over the 
earth, and Ihe frequent traces of their former activity, testify 
<to the permanent existence of a subterranean expansive force 
lo.wlMch we. can perceive no limit, ahd which, on those points 
.where the caloric, by which it is animated, is prevented froni 
escaping through these accidental spiracles, must necessarily 
^ive rise to successive violent elevations of the auperficiail 
3trata on the mo^t extended scale. 

Jt would be wholly unphilosophical to withhold our belief 
that.thesp circumstances are cpnoected in the.relation of cause 
and effect. We mustconc^ude .then, that the successive local 
expansions of the general subterranean lava bed'have occa* 
sioned the preseot height of; the continental rock mi^es Above 
the level of those which underlie the ocean. The erfiptipfis 
of volcanos are only a secondary phenomenon^ the {Mirtial 
and incidental result of these elevations. 

§ 4. But since we have no reason to doubt the influence of 
subterranean expansion in the phenomena of volcanos, earth- 
quakes, and elevations of the superficial strata, to have taken 
place for ages past, indeed to have been co-eval with the 
existence of our planet, under its actual laws, if it be true 
that the development of the one class of these phenomena, viz» 
.volcanic eruptions, .proportionately obviates tnat of the other, 
or the absolute elevation, en masse^ of extensive superficial 
portions of the earth's crust; and therefore, in the same lor 
cality, and' at the same period, the one class of effects must 
always have, varied inversely with the other; we should ex* 
pect to fiod4)roofs of the operation of this law in the visible^ 
traces left by theae phenomena on the globe, and, conse- 
quently, that, wherever volcanos have existed in the greatest 
number, and in the most prolonged and energetic activity, 
there will have happened the lea«t absolute elevation, en 
iTM^^e, of the superficial strata; and, vice vers&, that wherever 
the roost remarkable elevations of the solid crust of the globe 
have taken place, there should seem to have been little or oo 
absolute escape of subterr£uaeau caloric through. the piracies 
of habitual volcanos. 
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' What are those spots, on the surface of the ^lobe, where 
the volcanic action appears to have been most general, most 
frequent^ most energetic, and most prolonged ? Are they not 
all either maritime coasts, or islands rising from the depths of 
the ocean ? Look at Iceland, where more than twenty habi- 
tual Volcanic vents appear to have been almost incessantly in 
active operation, and where there are scarcely any signs of 
elevation. 

Noiie of the pre«exit»tiiig noarine strata appeat- in this case 
to have been raised above the sea-level. No primitive, tran« 
'aitiori, or secondary rocks are, I believe, met with in the 
whole extent of the island. 

* The same remark is applicable to the Azores, Canaries^ and 
Gape Yerd Isles. But above all, let us turn our attention %o 
the numberless volcanic vents that stud the Pacific. 

' At the first glance on this quarter of the globe it is impos- 
sible not to be struck by the total absence of any cdntinetlt 
Whatefv^r, and the extreme scarcity of high and dry land, {iot 
liiost of its islands are mer^ coral reefs) throughout the vast 
textent of ocean, which alone occupies a full third ofthesu* 
perficies of the habitable slobe. At the same time we observe 
this immense basin to be almost encircled by an extraordinary 
chain of closely grouped volcanic Vents, described above ; oi 
fVhich very many are still, and a much larger number have 
certainly once existed, in habitual, prolonged, and exceed- 
ing! V energetic activity; while, the interior of this ocean is 
thickly sprinkled with groups of similar spiracles, (the Mari- 
anne, Caroliiias, Sandwich Isles, &c.) ; and the frequent pro- 
duction of new islands and coral reefs, warrants a belief in 
the existence of numerous others which have not yet showed 
their summits above the water-level. 

It is in this quarter of the globe, without doubt, that the 
volcanic phenomena have been most copiously developed; 
and it is in the same quarter that so vast an exlent of the sur- 
fkce of the earth appears to have preserved almost entirely its 
original level, comparatively uninfluenced by that elevating 
force, which on other parts has occasioned the producti6n of 
the colossal continents of the old and new world. 

This remarkable correspondence speaks loudly for the'cor* 
rectness of our argument. 

* But it may p<ef haps be urged that of the great lineaf chain 
x>( vents described as almost encircling the Pacific, oiie very 
considerable portion * belongs to the elevated continent of 
America ; and that, whatever argument may be drawn from 
the absence of any elevated extent of the superficial strata on 
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the <me side of these volcanic trains, must be opfiose^i bj their 
pccurreiice on the other* 

To this objection, which is strikiqg and plausible enough 
at first eighty the following considerations will be a sufficient 
Wftwer. 

In the first place, the stupendous npountain Brasses pf the 
Aiudes and Cordilleras of Mexico and Spt^th AoaiiricavUpicm 
which the strength of the objection mainly rests, ar^, it must 
be i^ecoUecjted, themselves pf volcanic jfer^i^iop, consisting 
of immense liodieB pf laya protruded froin the nnmeroujs and 
extreniely productive yeptf ivhich haye bee^ Pfteoed ,aloag 
this extensive range ; and the |e.w portion of ^evated 
$jat^i^ wbkh are in^t with in their vi^aitj, r^^ly cittaiAi to 
HOy great height, and form but a very iuconsjideraqlp prpftpr'* 
tion of the^e enormous mountains. 

. In tbe second place, we m/ay remark that no volcai^e vent, 
or series of vents, can be produced, but upon a fissi^ or splu* 
tion of continuity, effected in the si^rficial stra^ of the 
globe, during their d&oation by the foroe of subt^rntn^t^ er« 
pansion. Consequently) a certain deme pf ^levatipi} 4^ the 
neighbpnrjing strata, on one side or o^er of the fissure, n^^i 
precede the establishment of any imn of volcanic spira^li^, nspd 
)(dsQ accompany the further devehpm^ of thpir pheip^meiia* 
And with respect to any single fissnrp or cleft of thi^ nat#|pe» 
the greater the elevation prcNduced in the neighbouring slpita, 
the wider and deeper will be the fissure, and the g^ea^r ib0 
space afforded for the escape pf volcanic mq^tter. 
. In the case of Aci^eric^,for example, if we suppose the great 
compound fracture which producea the linear series of vents, 
,alir?ady described as reaching perhaps from Icy Capp to Terra 
del Fuego, to have beeq priginally occasioned by the inci<- 
pient elevation of the continents of North and South America ; 
find to have been subsequently widened and prolonged, 3» 
tUis extensive mass of- indurated strata rpse prpgiressively 
above the sea, and acquired its present level, we shall see at 
once the cause of the enormous quantity of lavas which have 
been emitted successively from this cleft ; and the existence 
of these elevated continents on the cm side of this linear frac* 
ture, wiU not be found in any waj' to contradict the: opinion 
that the activity of its volcanos ha^ mainly contributed, by 
)ietting pff th^ superfluous caloric from the bed of lavn situa- 
ted beneath the Pacific, to obviate the elevation of its bottom 
on the other ^idey and thu9 P<;casion the rf»m.nrhable scarcity of 
laiQd tp the west of the Andes and Cordilleras* 
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il'toctioB 
i position better than any' 
rerbal arguinent. 



The aeeocn^mjiiiffdiarran, pnMnthig a rude ideal'tocl 
of South America, will ilfualrate the position better than i 
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The renmrkable abs^ce of all vdcsDie vents, and, I be- 
lieve, even of all traces of their existence at any former 
period, on the Eastern aide of the Andes, and their prolonga- 
tion, the rocky mountains both in North and South America, 
afltords the strongest oon6rmation of'tfaetruth of the above 
eonjectare, as weUas of the genuineaess of the law which we 
are investigating. 

Ifwe turn to- the old world we observe a repetition ofthess 
eireumstances;, In ftct, the linear chain or volcanic vents 
which borders the Pacific on the East, follows in a most re< 
markaUe manner the outline of the Asiatic Continent, and 
leads-tuthe supposition thatthe formation aud enlai^ementof 
this lenf^hened series of fractures in the crust of the globei 
accompanied the elevation of that extensive portion of it 
which constitutes tbe neighbouring continent. 

If from Asia we direct our attention to -Africa, it isnot-dtf^ 
ficnit to discern in the volcanic islands ur insnlar groups of 
the Canaries, Cape Yerd Isles, Aacfinaion:, St. Helena^ .'Ssx- 
embere, Tristan d'Acunha, and Diego d' Alvarez, on the west, 
and of the Mauritius, Seychelles, &c on the east, the highest 
aammits ofa train of eafomarine volcanic spiracles, the direc- 
tion of which corresponds with that of the outline of the 
neighbouring continent, in the same remarkable manner as 
in the instanced of Asia and America noticed above. 

Even many, or most, of the smaller and more partial linea 
on which the volcanic force has been developed, appear ta 
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bear the same striking relation of direction i6 some contiguous 
masses ofelevated strata. 

Thus the volcanic range of Java, Sumatra, and the Anda- 
man IsleSy forms a sort of advanced breast-work to the parallel 
range of primitive and secondary mountains of Borneo, the 
North coast of Sumatra, the Malay peninsula, and the Bur- 
mese £mpire. 

So agam the Archipelagos of the Maldives and La(}uedives 
are ranged in front of the elevated coast of the Hindostan 
peninsula. 

The remarkable manner in which the linear volcanie dis- 
trict of Italy seems to rise from under the parallel escarpment 
of the Apennines, the axis of that peninsula;^ the exactly 
similar situation of the volcanic rocks of the Hebrides and the 
North of Ireland with respect to the escarpment of Great 
Britain, as well as the situation of the volcanic regions of 
Ionia and Mysia in front of the great promontory of Asia 
Minor, are all so many several instances of the same general 
feet, which can be accounted for only by allowing the same 
ca^qse td have opetrated both the elevation of the strata, alid 
the prod|K?tion of the fis^u^es of eruption^ ... , . . ^ 
. This fact is still further confirmed . by the observation 3,- 
^hieh I believe will be found gejoi($rally correct, tb^t the. di- 
re.ction of any range of vplcaniic vents is parallel to the gene- 
ral direction of the elevated strata in its vicinity. . The vol-^ 
canic zone which crosses the South of Fre^nce runs ii^rly, 
north and sTouth, and this is the ^^peral direction. of the beds 
of grMnite, gneiss, and mica schistj^ which fbrm the elevated 
plateau froip which the eruptions have broke forth. 
' The vplcanized band which traverses ihp north of Ger- 
many is remarkably parallel to the axis of the Alps,' and that 
of Hungary to the direction of the Carpathians. 

The basaltic zone of the Hebrides takes the diiiec.tion gene- 
ral to the strata of the neighbouring gneiss islands; tlie' Vol- 
canic trains of Italy, that of the Apennine&.f 

• ■ • . < « 

- §• 5. But if it be true that the development of the subterra- 

\ ' . • • • • , . . • i } , 

. . * At the time of the earthquakes in Calabria and Messina, the ground 
was split open by crevices, which were ail directed parallel to the Une of the 
coast ; that is, to the axis of theran^e of mountains. 

T One exception to this general rule is reported to exist. in Mexico, 
where four or five volcanic vents lie on a line .running directly across the 
axis of the mountain chain. These then were formed on a transverse fis- 
sure. . . . - 
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nean foree of expan^ifOH •iii the elevation of strata, has ^ne- 
rally'vafied invel*sely with its olh#r modificatloh, which cbh« 
eisls-in-'the absolute estope of intomesceAt' matter 'on tb^ 
surface' of the' globe; wediustaho expect on the other hand 
to find few or no indications of the latter elass of phenomena 
(volcanos) where the superficial rocks have been con&iderably 
raised. i 

And, indeed,, the rare occurrence of volcanic vents in the 
interior of any contjaent is a circumstance so generally ac- 
knowledged as to have given rise to many specious theories 
to account for it* 

We know of no active volcano in the interior of Europe, or 
Africa, apd though two are reported to exist ip the centre of 
Asia, the fact appears by no means certain, ^nd tl^eir acti« 
Vity, at all events, reduces itself to the emission Qf sulphureous 
and ammopiacal vapours. 

We are equally ignorant ^f the Qccurrenpe pf any rocks of 
a volcanic nature testifying to the former existence of such 
spiracles in the interior of either of the two larger continents 
of the old world; and though the volcanic r^ipains of France 
^,nd Germany are placed ai a certain distance from the sea, 
and even have b^en produced on points of considerable eleva^ 
tion, these examples are to be considered rather in the light 
of exceptions, and do not militate against the general fact that 
such formations are comparatively rare in inland posjtioivs. 

With regard to the western hemisphere, we have already 
noticed the seemingly total absence of volcanic spiracles, ei- 
thler open or extinct, in North or South America, westward of 

-the Andes, and the continuation of this range in the Mexican 
Cordilleras and rocky mountains. But, on the other hand, 
it is a very remarkable circumstance, that exactly where these 
continents taper off in breadth, and are eat€^ into by the great 
Gulpfi of Mexico, another range of volcanic vents makes it 
appearance in the Leeward Isles, running jnearly in a parallel 

• direction to the very active volcanic train - of Giiatimala, 
Nicaragua, and the Isthmus of Panama ; this extreme deve- 
lopment of volcanic action obviously accounting for the in« 
ferior extent of land which has been elevated on that paralle 

.of latitude. 

^. €• But it may be asked how it happens that earthquakes 

are not found to take place more frequently add with greater 

•violence in the interior of continents, and at a distance from 

.'all active • volcanos, whereas it is on the contrary li known 

fact that many of the disti^icts which are most subject to these 
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iMtciictive.p]«eiioiB6af^ «fe.pkee4» tiMi«gbnei k^tMriqwM- 
iiiate vicinity, jret at no neat distiiiloe.from habitiiial f olcaiMML 
^. . g. Calabria, situated between VeBuvias, StraoboU, ' warn 
^tiia; and the coast of Fenesaelaand Caraecas, oppesile rte 
.the Leeward Isles, See. 

To this it may be answered, 

I. That earthquakes and volcanic eruptions are bj.oul* 
theorv jointly occasioned by the same circumstance, 
vis. the rupture of the solid overlying strata by sub- 
terranean expansion. The production of a fissure, and 
therefore an earthquake of more or less violence mu§t 
precede every eruption ; Consequently we must al- 
ways expect earthquakes to occur in the vicinity 6( 
volcanos. But the reverse is not equally true, sinc^lB 
any number of crevices may be formed in the oyei4yin|^ 
strata, without giving rise to a single volcanic erup- 
tion, where the focus of expansion lies at a great 
depth beneath the refrigerated strata; and in accord- 
ance with this remark, many places are known to be 
liable to most destructive earthquakes which are yet 
fyr removed from any habitual volcano ; for instance, 
Lisbon, the Ionian isles ; and again Syria and Persia, 
which of late years have suffered in a remarkable de- 
gree from these calamities. 

IL With regard to the most elevated portions of owr con- 
tinents, the vast expansion which has alrea<i^ taken 
effect on these spots in ihe subtecrwlean lava bed Ins 
ill turn given the predomtoance to the force of rftfms- 
sion, in obedieoqe to .the general law laid down in a 
former chapter, and should by no means lead us to ex- 
pect the continuance of the process, and tberefoie of 
the eartl^quakes which are its sensible results, but, on 
the contrary, to suppose that this tendency has already 
satisfied itself by the intumescence -and consequeot re- 
frigeration of so vast a liody of crystalline rock, tlie 
diminution of temperature being always proportionate 
to the expansion ; and also .that owing to toe greater 
comparative distance of the surface of the earth on 
these points from the central focus or source of heat, 
the caloric can no longer be concentrated to any intense 
degree beneath this surfitoe, but is drawn off kttenally 
towards those lines of vokuic activity, which, kow- 
ever distant, are yet stiU oocasietBing a contiDual 
draught of caloric ftpm every 
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A great quantity, it is also probable, escapes from moun- 
tainous districts by gradual transmission, or is carried off by 
tbe waters which filter through the numerous fractures and 
cteWces of their constituent rocks, and after acouiring the 
temperature of these surfaces, find their way to the interior 
of the globe at a lower level. 

§• 7. The generalization of this important fact, viz. that the 
elevation, en masse^ of the solid strata composing the crust of 
the earth, has been always inversely proportionate to tb# 
development of the voicanic bhenomena in the same quarter 
of the globe, demoni^trates tnat the subterranean bed of in- 
tensely-heated crystalline rock, whose local ej^istence we fiilly 

f>roved in the early part of this essay, but without defining its 
imits, and from whose gradual increase of temperature, and 
<5onsequent expansion, these phenomena, of either kind, have 
necessarily resulted, must extend generally beneath the sur- 
fhce of the whole globe. 

The successive expansive shocks of this subterranean bed^ 
by which the continental parts of the earth have been progres^^ 
siyely elevated, incidentally gave rise to coiit^mporaheoud 
eruptions, i. e. to partial outward intumescences of this mat^ 
ter, by occaslonitag cracks or fissures, on the prolongation of 
the elevated strata, and more or less disttot from the line of 
maximum elevation, of sufficient depth and width to Jxerttiit of 
this^ extravasation, according to the laws invesitigated in the 
previous chapters. 

The volcanic phenomena are then only ^condar^ arid at^ 
tendant circumstances on the more immediate stna primary 
results of subterranean expansion, viz. partial elevations m 
the solid crust t)f the globe. 

The nature of tfie more importarit and extraordinary class 
of efiects, we go on to consider in thef next thapter. ' 
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CHAP. X. 



opment of Subterranean Expansion in the Ete-^ 
v^tion of Strata, and Production of Continents above 
the Surface "Of the Ocean. 



§. L The masses heaved upwards by this immediate actioii 
of th^ force of subterranean expansion have been hitderto 
spoken of under the general term of overlying or superficial 
^irata : but on examining their constitution^ we find them to 
comprehend a variety of different rocks. 

The uppermost, on those parts of the continents which 
h^ve suffered least disturbance or elevation, generally consist 
of more or less horizontal strata of sands and marl^s, or sandr 
atones and limestones. As we approach the chains of inouo- 
tains, or lines of the maximum of elevation and disturbance^ 
ihese arenaceous. and sedimental strata are found to assume a 
great degree of inclination and numerous other irregularities 
fof position. 

They however universally lean against and are supported 
ihy uiau^s o{ crystalline rocks which form the geological axis 
of every mountain chain, - 

Of these some are stratified, or rather possess a lami- 
nated structure ; others not. The former, or stratified crys- 
talline rocks, gneiss, mica slate, &c. exhibit great disorder 
and every mark of forcible elevation, in their highly inclined 
and generally vertical position, their flexures, solutions of 
continuity, &c. 

The latter, or unstratified crvstalline rocks, (granite, syen*- 
ite, porphyry, serpentine, diallage rock, and greenstone, &c.) 
usually underlie and support the others, or cut through them 
in the manner of immense dykes. 

In fact they have every appearance of being portions of the 
subterranean crystalline beci, protfuded through the stratified 
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rod(%.8piii6tiiiie9ja a .«tiijUi:of ipiurtial liiiQe^^Upti,. at Olivers 
a^. a solid mass, preserved frpia ^buUitipp, hy the ipmense 
pressure of the s^pported.stl:ata,.or of the ocean above them ; 
a circumstance already ^mentioned f^s one of the probable 
nodes of action of the subterranean expansive force. 

|. S. If jt is l/u^ ^hjB^.thesQ^in^seswere in this manner 
forced upwards through vast fissures in the overlying strata* 
whic^ livere.rent i|SMnder,bjr their protri^sipn, the^ micturea 
extremities q( these strata.should.be found to correspond on 
either side of the crystalline axis ; and this is in fact frequently 
th^ case, as in the instance of the Hartz mountain, whose 
structure was taken by Werner as the.type of mountain ranges ; 
bi|t ill general great irregyilarities will be necessarily pro^ 
duced by ^he yiolence^ of the process, and by numerous 
circ^II|stance8 connected with the nature of the elevated 
strata* 

There is great reason to conclude that in most instances 
the raised strata, particularly those which were only par* 
tially indurated, have become contorted, and bent into re- 
peated^ foldings, so as to give the appearance of frequent al- 
Jternations of different series of strata to what is in reality but 
the replication of the same original series* 

Fig. %9. 
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ir#^#lipW8§ A i^d^reG i»b«f bMki^il by tll)^ ^ WtW f ai rti tu 
^jtpansiT^ fbrd^ tlil>6iigh the ^y^el^Iyliig Mn^j Wbidl 4i« 
not thk-eaehoiH eom{>let^jr iB(i«Mtod, attd ih6te/fot^ pfl«eii 
a certain degree df lAoMlity ilffioii^fil tki^ pafC^y tlte eipBta-t- 
sion of the eryfltalline tiiafis A btti^ o^il tt^ tess^M Cj ikWS 
elevates the strata on either side with immense violence. 

During this t)roce8s the lower sthiHl^ £ F, Wbith ate ie ctfn- 
tact With the expandiilg <ii^tallihe toass, must siiMdii Mi^ 
tense friction fi^oni if^ as it forces itb Way tdwards th6 o^iigf. 
If these strata ane schistose or lamellar, that is, composed ef 
laminar particles, and not entirely consolidated, thej have 8 
innch greater degree of mobility iii the directibn of theft la^ 
ni^ina than in any other, their parallel plaile snrfiicf^s slipping 
Ireadily over oiie anotbisr ; and thifr direction coincides witi 
that of the impulse commtiilicated hj the fri^ti6n, nat^ly^ 
ftbm E ^nd F towards G.— 4}onse<}uentiy these strata wfll to 
forced to move towards the fissure C, and will be proti'nded 
from tltein, together with or eveh before, the crystalline mass 
Which urg^s th<em forward. 

But the matter thus forced from opposite sides of the fis- 
sure towards the axis, must meet there, and create an intense 
mutual pressure in a direction Nearly opposite to that of th^ 
protruding force ; and the effect of these two nearly opposite 
impulses on the protruded schistose strata, together with their 
own gravitating force and that of the strata above them act- 
ing in a verticsd direction, must be to fold them into repeated 
doublings, exactly like those which would be produced in a 
bale of neavy cloth or linen, by subjecting it to a powerful 
pressure nearly in the direction of its layers. 

The resistance opposed in a downward direction, by this 
intense horizontal strain, together with the weight of these 
protruded strata, will perhaps often be suiBcient to prevent 
the extravasation of the crystalline matter below, and to give 
the predominance once more to the repressive force. The 
protruded laminar strata or schists will then entirely cover and 
conceal the crystalline axis, like a mantle. (See fig. 28. p. 165.) 

In other cases a central ridge or axis of uhstratified efyS- 
talline rock may be elevated in a solid state, and appeiir in- 
truded like a vast dyke between the replicated strata on either 
side ; (fig. 99.) 

The crystalline mass, thus exposed by its protrusion through 
the overlying strata, will generally be preserved from lique- 
faction by the immense pressure of the column of water above 
it, when the process takes place at the bottom of the ocean. 
Where the external pressure is not sufiicient to prevent ebul- 
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Wlim, ftrrtpeHtMid idbUMacatoe aad extnnwRtidB will Urfcie 
fdaoe, tmtil the tomperatuta is bjr the pMiEenTif eniponttMt 
M hr loweted thottbe rgpre—iye iotct f w^e t inatw. Tim 
litfttefied cryBt«iUM tmsttw aiay ovenprasd tbe eflges and 
unrbca of some of the overlyingor protruded strata, and tbm 
give rise to the appearance of secbndary gnu>>t«S) Byenites^ 
porphyries, &c. 

AgaiD, portioaa of the ezpandiog crystalline rock will ac< 
company the protrusion of the lamellar strata, moving along 
with them, and wiU thus be included between tbe folds of the 
lowest of the strata, for it is obvious that tbe formatiou of 
any convex flexure (such as F represented in fig. 31.) by 

Fig. SI. 



-two nearly opposite forces actini; on the strata in the dtree- 
tioin A F, C F, will have the e^t of reducing the pressnre 
on tbe heated crystalline rock or lava immediately below, and 
cause it to intumesCe with violence and occupy tne concavity 
of the flexure. If the elevated strata are saDsequently de- 
nuded -down to the dotted line D K, the crystalline nick F 
will show itself between the two corresponding series of 
strata, and in this manner more or less narrow beds of gra- 
nite, or other unstratified crystalline rock, may be expected 
often to occur interbedded amongst the replications of the 
laminar and schistose rocks, particularly of tne former, which 
are the lowest of the series. 

If, as must often have occurred, a fracture takes i^ace at tbe 
apex of the flexure G B, the intumescent matter will be in- 
jected into the cracks, and produce one or more dykes of 
greater or less magnitude, according to the size of ifae cre- 

viMs. 

If the fractnre is so complete,- owing to the nature of the 



strata, that an opeoing is made entirely iieross then, as m^ 
fig. 32^ the same circiiinstancestake pfaiee ^ith regard to the 
protrusion of the crjstalline axis of this secofktitry rid^e, as m 
the case o{ the primary ridge, or axis tfeieiaiionr i^g'^ 99.) 

Fig.W. 




S. 3. But while the lower beds of the elevated strata are 
thus forced from either side towards the fissure of elevation, 
by the friction of the e:^pandjng matter, a similar impulse is 
communicated to the upper beds, bat in a contrary direction, 
by their own gravity ; which^, in proportion to the elevation 
they sustain, urges them to slide down the inclined plane of 
their stratification ; and this motion being opposed by the. in* 
ertia of the more distant and unelevated parts of these strata, 
similar contortions and replications must be occasioned in 
these as in the strata below. 

Thus there is produced a reciprocal movement in the ele- 
vated strata, the lowest beds being forcibly urg^d towards 
and through the fissure of elevation, and the upper receding 
from it; both movements giving rise to fractures, foldings, 
and other irregularities of position in the strata influenced 
by them, proportionate to the quantum of motion they receive, 
the an^ie to which they are elevated, and their structure, 
flexibility, degree of induration, &c. 

§. 4. When the higher parts of these replicated strata have 
been worn down and carried off by the denuding forces (to 
which we shall presently see that they are exposed) a traveller 
passing across their edges will meet with repeated alterna- 
tions of the same series of strata. A, B, C, D, E, &c. 

When the denudation has not proceeded to the depth of the 
flexure of the lower beds, E, F, &c.one or more of these will 
be wanting, and thus the series will on some points appear to 
recur witli great uniformity, at others some of its members 
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will be absent, and those irregularities of thts kind vfiW h^ 
produced, which are so frequently observable in the forma*- 
tions of highly inclined strata composing eveffy mountain 
range. 

§. 5. When any of the strata are too nearly indurated tp 
suffer sush complete replication without rupture, numerous 
cracks and fissures will be broken through tnem, and parti- 
cularly at the points of extreme flexure. 

Many of these when they open inwardly will be filled by 
the intumescence of crystalline matter from below, and thus 
veins, dvkes, or intruded masses of unstratified crystalline 
rocks, will appear penetrating and occasionally interbedd^d 
amongst the series of elevated strata, (syenites^ porphyries, 
serpentines, and trups of the primitive transition aha secon- 
dary formations; granite veins^ in mica, and day-slate, ^c.) 

§. 6. Where some of the strata are yet more completely 
consolidslted, and, therefore break much more readily than 
they begd) numerous vast fracture chasms will be fqri^ed 
across them, and tfae intervening portions of strata may often 
be elevated together with the mass of crystalline'rock, (seei^ 
fig. 99.) and left in ah isolated position upon its summit or 
flanks. In this manner were probably raised those colossol 
and insulated pyramidal masses of dolomite which rise from 
the great porphyry district of the Tyrol. (See Von Bitches 

letter to iiumboldt.) . 

In this locality it appears that the subjacent crystalline 
mass partially intumesced on some points, and intruded itself 
through some of the fractures, so as even to overlap the upper 
edge of one of the insulated dolomitic portions. 

The rock is a large-grained granite in some places, and 
passes into serpentine on others, and finally into basalt, or 
aligitic greenstone, which is its predominant character.^ 
•The smaller dykes which traverse the neighbouring lime- 
stone strata are all of basalt (Porphyre pyroxenique of De 
Buch), and the dolomitic pyramids are apparently jportions of 
these stratsl, altered by the intense heat and sublimations of 
the crystalline rocks with which they are in contact. 

M. de Quch is of opinion that it is the intumescence and 
rise of the basalt (porphyre pyroxenique) that elevated t&e 
dolomite, red sandstone, shell limestone, and other secondary 
beds, not only of this locality but of the whole chain of the 

. . - . » 

■* These transitions are sometimes so abrupt that I pro\;ured specimens 
which are granite on one side, and fine-grained greenstone on the othet*. 
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Protrusion of SiM$i$. Itiiiiro of Elevation. Kff 

. H ^vre sttppose. ihdJis»uros of elevation to have been formed 
wiong the lines of Ihe valleys of Fasaa, Eysach, and St. 
PeUegrin^ the elav»iion of the ovetljuig pocks, viz. porphyry, 
red sandstone, and limestone, along Ibose lines, will have 
given birth to tlie valleys by forcing the fissures to open out* 
irardly, while their lower extremities remained firmly closed. 
At the same time, bgr this aetion, in the iatervening spaces, 
corresponding and parallel fissures must have been formed, 
but widening towards the lower, and closed, or nearly so, at 
their upper ex^rcMoitied* The lava, swelling up through these 
latter, will have occasioned the alteration of the limestone 
strata to dolomite, and must have forced its way exactly into 
those places where we find it, viz. in the intervals between 
the valleys, while Ihe elevated sta^ta must necessarily dip 
towards h, as was eJsserved abave to be ia fact universally 
the case. 

• An insipectLoii of tl^ accempaBying action,* which, ap fav 
as the geogoostical filets go, is cdpiea exactly from De Buch, 
will show now simpfy and easily their extraordinary a^fieaiv, 
ances are vecoBciled and explained by this supposition, while 
they are wholly inexplicable under the idea of De Buch, thai 
tl|e protrusion of the hasaU elevated the strata. 

. Indeed all prtmary vents of esuption seem to have been 
produced in « somewhat similar maiiner, viz. by the widening 
of a fissure towards the interior of the subterranean lava-beo, 
as appears from the following considerations. 

The direction of the fissure of elevation created by the 
first successful effort of the subterranean expansive .force, 
obvkmsly determines that of the mountain range protruded 
througb it. The general similartty in the arrangement of 
these chains, as vieived upon the sur&Ce of the globe, to that 
of the linear trains of volcanic vents, and the so frequent 
paralldism of one or more of the latter to the proximate 
range of mountains, is thus obviously accounted for; since 
the fissures of both kinds, viz. firstly, those of c/evatfon, which 
fire created by the sudden expansion of the heated lava iiome^ 
diately beimath, and through which the crystalline rocks and 
highly inclined schistpse strata that form the axes of moun- 
tain chains, have been forcibly protruded; and, secondly, 
those of cruptioih tbrou^h wbicb. the confioed caloric^ &pd a 

{mrt of the subterranean lava bed efiected their escape with 
ess disturbance and difficulty, were often produced at the 
same mom/Bnt^ and tbi^uugh/tbe same continuous strata. 

* See pi. I. fig. 33. 
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If, indeed, we bear in mind the general relations of posi- 
tion, which have been described above as subsisting betweeK 
the linear trains of volcanic vents and the axes of the neigh** 
bouring mountain chains, or the outlines of thenearest conti- 
nental elevations, -it 'will appear highly probable, that the 
original fissures on which these eruptions bate taken place, 
Were torn through the prolongation ofthe lower beds of these 
elevated strata, by the force with which they were urged to-^ 
Wards the fissure. of elevation. 

For instance, in the diagram given above (figs. S9, SO,) the 
lower series of strata, aaa^ being driven by the friction ofthe 
expanding matter below, towards the orifice of the protrusidtr 
c, one or more wide solutions of continuity mustbe foraied in 
the prolongation' of these stratfi, as at 'd d, tind in a directioh 
at right angles to the strain, and therefore parallel to the fifi- 
sure of elevation. These fractures will be probably often con- 
tinued across fhe upper series of strata, though' they will be 
there in great part, or entirely, choked again by the subsidence 
of the elevated portions of these strata, in obedience to their 
gravitating force. At any rate, the lava-bed immediately 
below must intumesce and force its way up these fractures, as 
far as it can penetrate (producing dykes and injected veins); 
and break out into absolute volcanic eruption on every point 
that is not effectively sealed against its expansive efforts. 

At every fresh successful effort ofthe subterranean expansive 
force, by which the neighbouring continent is still further 
elevated, this fissure of eruption is probably opened still 
wider, and perhaps prolonged, and fresh veiits are formed upon 
it.^ Should, however^ this cleft become so far sealed up by 
the abundance ofcrystallihe matter produced uponand withfh 
it, as to offer more resistance to the disjunctive force than 
some unaffected part of the continuous strata, a new fissure 
of eruption is created, at more or less distance from, and pa- 
rallel to, the former, productive ofthe same phenomena. 

Thus, in the formation and enlargement of fissures of erup- 
tion, two forces combine, viz. the one a disjunctive tearing 
strain, acting in a horizontal direction, and occasioned by 
portions of the same continuous crust, being draigged away 
towards some distant fissure ; the other a heaving^ force, act- 



* At the time ofthe earthquake of Lima^ in 1746, four volcanos hroke 
out in eruption in one night. A similar circumstance occurred during the 
earthquake of Chili, in l822.~-Ulloa Voyage en Amerique. Caldcleugh*s 
Travels in South America. 
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log from belovr upwards^ and consisiin^ of the expansWe 
power of the intensely heated lava immediately beneatn.* 

It is probable, that the first of these circumstances is the 
principal cau^e of the great difference between the phenomena 
that take place from these fissures and those of elevation^ since, 
in the former, the intumescence and extravasation of the con- 
fined lava through the opening thus created, is opposed only, 
by the external pressure, atmospheric or oceanic. In the 
latter, in addition to these elements of the repressive force, 
the escape of the lava is opposed by the weight and tenacity 
of the overlj^ing and heaved- up strata, and, above all, by the 
immense resistance created in the force with which their lower 
beds are jammed together at the opening, by the friction of 
the expanding mass pressing towards it from opposite sides. 

§•7. It appears then, that of the solutions of continuity 
which accompanied the process of elevation, whether in the 
replicated strata composing the mountain, or in their, more 
distant prolongation, tne deepest and widest occasioned extra* 
vasations of the inferior lava-bed ; and these remain as dykes 
or intruded beds, penetrating the strata, and often connected 
with an overlying bed of crystalline rock of a similar nature. 

Others, which were too narrow and intricate to allow the 
escape of any intumescent matter in a liquid form, were yet 

gsrmeable to the vapours and metallic sublimations that rose 
om this subjacent mass, and were partly filled by these, 
partly by rubbish from their sides and from above, thus giving 
occasion to mineral veins* 

Those fissures which did not open downwards towards the 
lava were filled, in part or altogether, by rubbish alone ; and 
these are the faults and slips ot miners. 

The formation of calcareous and other. breccias, and veined 
marbles, is accounted for by the smallest of these fractures. 
The still -unconsolidated Juices of the rock oozing into its 
cracks and crevices, and filling them with a deposit oijiner 
matter. 

§• 8. Where two elevated ranges were produced at no 

* During the great earthquake of Chili, in November, 1822, which was 
felt along tne line of the Cordilleras in ^ extent of nearly 1000 miles, the 
earth was raised en masBe% but a horizontal movement is also described to 
have taken place (Caldcleugh, II, 48). The accounts of many other vio- 
lent earthquakes represent such a horizontal movement to have been felt, 
accompamed by, and clearly distinguished firom, a vertical motion, or 
heaving of tiie earth under the feet. 

o 
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great disUtneie from each oflier, the intervenini; aass of Btrata 
may have been raised to a coneiderable beigbt without having 
its generally horizoivtaUtj mach disturbed, and coDsequendy 
without many flexures or solutions of continuity. 
. This appears to have been the case with the floitz strata 
composing a great part of Germany and Dalmatia, and which 
intervene between the Alps on one side, and the Vosges, 
Black Forest, and mountains of Bohemia and Hungry, cm 
the other. 

The extensive districts of flcetz strata which constitute the 
basin of the MississipfH and its confluents, l^ween the Rocky 
mountains and the Alleghany chain, may be conjectured ta 
offer a parallel instance. 

But in such cases, the horizontality and noa-disturb^Bee ^ 
the strata occupying the middle space which separates two 
chains, must b^ generally compensated by their extreme dis- 
turbance and replication in tk immediate vicinity of either 
range. 

§.9. Whetlier the elevated strata are replicated into do- 
merous foldings on each side of the protrudea ridge 6f crystal'* 
line rocks, a mode of procedure common it woula seem to the 
lamellar ai^d schistose strata, particularly the micaceous (clay 
and mica slates, gneiss, &c.), which appear to have shared in 
the peculiar flexibility that characterizes their predominant 
mineral in^edient) ; or are separated by wide solutions of 
continuity uito detached ma8se;s, aer seems to have most fre« 
quently happened to the compact limeatone strata; it is 
obvious bow either process tends to the prochiction of longi- 
tudinal furrows, or valleys, on either side of, and more ortes 
parallel, to, the axis of the elevated range. In the former 
case,^ the strata composing the sides of these valleys will 
appear to dip towards tnem on eitherslope — (trough-shaped). 
In the "latter,t they will be cut off by precipitous escarp 
ments, in which the abrupt edges of the strata will often co^ 
respond on either side. 

In the chain of the Alps, the valley of the Inn, and thatx)f 
the Isere, between Connans and Grenoble, are examples of 
the Itfst kind of ton^rtudiffal valley. 

Those of the Adda, of Sion, of*^the Eisach, above BriK^n^ 
and the system of the Jura range, of the first. 

Even the great valley of Switzerland, which divides the 

" 111 III I 1 1 I t I 

* See a, hg, 29. p. 201. . . .t S»se6,.%^91d. 
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Alps from the Jura, and again that of the Pd, to the south of 
the same colossal range, appear to belong to this class of 
trough-shaped longitudinal valleys, or conca^oe Jlexures. The 
elevated secondary strata which clothe the base of the Alpine 
ranffe, both on the north and south, dip under the tertiary 
ana alluvial beds of the plains of Lombardy and Switzerland, 
to rise again at the' opposite aide in the northern Appeiline 
and the Jura ; these two mountain ranges having all the ap- 
pearance of a series of irregular convex flexures occasioned 
ny the subsidence of their calcareous strata, in a semi-cou" 
solidated state, from off the inclined plane of the higher Alps* 

The ba&rin of the Adriatic seems to be the continuation of 
the valley of the Po ; separating the parallel ranges of ele*' 
Vated secondary strata or the Appenines and Illyria, 

The change in its direction corresponds to that of the 
primitive crystalline axis of the Alps, which is probably con- 
tinued after its sudden bend to the south in the maritime Alps, 
and in the ranges of Corsica, Sardinia, Sicily, and Calabria. 

With regard to the elevated primitive (so called) plateaA 
of central France, the vallies of tne Rhone, Loire, and Ailleri 
present similar lon|[itttdinal troughs, parallel to the direction 
of the strata* There is no difficulty in supposing the exten- 
sive strata of transition and secondary rocks which probably 
once cohered this district, to have slid away on all sides, but 
chiefly into the depths of the Atlantic and Mediterranean; 
Where their subsidence was checked by the range of the 
Pyrenees, they accumulated into the repeated flexures and 
sinuosities which characterize the secondary and transition 
formations of the north side of that chain, and which reach 
totirely to its summit, cloaking over and concealing on that 
side the crystalline axis of the range. 

§ 10. We are thus led to recal the distinction, already esta- 
blishedy between the primaiy axis of elevation along which 
the overlying strata were burst open and elevated solely by 
the successral development of the subterranean expansive 
force, and those seconaary axes of elevation which consist in 
the convex flexures produced on either side of, &nd more or 
less distant from, this primary axis, by the replication of the 
strata elevated by the sudden development of subterranean 
expansion.* 



* *• 



^ These secondary flexures are somewhat analogous to the waves pro- 
duced hy dropping a long pole into sliii water. 

oS 



SIS Concex Jlexures of Straki. Aniictinal ridges. 

Whatever expansious took place ia the inferior crystaUine 
mass beneath these secondary convexities, were. .occasioned 
by the reduction of pressure upon it, not by the absolute in« 
crease of its expansive force, as in the primary axis. (See 
% 15.) 

These secondary anticlinal ridges will be more or less 
nearly parallel to the primary ridge or. axis of elevation. 
Where the resistances to. either the protrusion. or subsidence 
of the replicated strata are locally unenjual, whether from 
differences in their structure and composition, or the occur<» 
rence of neighbouring obstacles, such as proximate ranges .of 
elevation, &c. proportionate local irregularities will be pro- 
duced in the direction of the secondary, flexures. 

The intervals between these secondary ridges, that is, the 
eancooe flexuires, form what are so frequently met with, and 
which we have mentioned above as trough-shaped J[ongitu- 
dinal vallies. 

In the north of Scotland such vallies, separated by inter* 
vening secondary ridges, are numerous and remarkable, form- 
ing tne basins of the greater number of her Lakes and A&r 
tuaries. 

In England the basins of the Severn, Trent, .&c. &c. and 
even of the Thames, offer similar examples ; for it is pro- 
bable that the different convex swellings of the floetz strata 
of this country, were not occa9ioned by the action of any 
local expansion immediately beneath them, but are flexures 
produced by the resistances opposed to the subsidence of 
these strata towards the German Ocean, off the elevated 
rana;e of Devon, Wales, Cun^berland, and Scotland. 

The local irregularity of the resistances will account for 
the changes of direction in the axes of these elevated ridges, 
which become less and less constantly parallel to the primary 
axis of elevation, as their distance from it increases. 

These flexures present a remarkable diversity of character 
on different points. On some, the upper remaining beds 
still cover over the whole breadth of the convexity, as in the 
instance of the great chalk protuberance of Wilts, Berks, and 
Hampshire. While on other points of the same flexure or 
anticlinal rids^e^ the upper beds bave in part disappeared, 
leaving a longitudinal valley, at the bottom of which the 
inferior beds shew themselves. The great valley of the 
wealds of Kent and Sussex, included between the chalk 
escarpments of the North and South Downs, offers a familiar 
example of this occurrence. . . . ^ 

The cause of this is obvious. In the former case the 
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upper chalk beds possessed sufficient tenacity to sustain their 
eletationand curvature wtthoilt splitting; iti the latter a 
longitudinal crack opened across them, parallel to the axis of 
elevation. The chalk resting on beds of clayey marl (the 
upper strata of the greensand formation) slipped away on 
ettnerside from the axis, leaving bare the l<>wer strata of 
greensand. Again, the partial subsidence of this formation 
upon the slippery beds of Weald Clay, disclosed ki turn the 
ironsand, which forms the visible axis of this ridge.* 

The valley of Kennett offers a similar instance on & smaller 
scale ; that of Pewsey another. In the neighbourhood of 
Weymouth an opening of this character in the oolitic lime- 
stone series, has discovered a small anticlinal ridge of red 
sandstone at its bottom. 

It is indeed remarkable that these longitudinal vallies of 
elevation and subsidence occur most frequently in limestone 
districts; which confirms the general fact remarked above, 
that while the micaceous or schistose strata have usually bent 
before the elevating force, the calcareous strata hs^ve genet 
rally preferred to breahf 

Where such anticlinal vallies are on a large scale, as the 
instance of the Weald of Kent^ trans'oerse (VBLCtXites appear to 
have been also formed in the subsiding strata, but these will 
have remained more or less narrow crevice-lihe gorges; since 
no subddence can take plaoe away from them, that i§ in a 
direction coincident with the axis of elevation. These trans* 
verse chinks or gaps are frequently the channels, through 
which the drainage of the interior valley has been since 
effected, while they have been enlarged, and have lost the 
angular roughnesses of their fracture edges, by denudation, 
or meteoric abrasion. Such are the gaps in the chalk es- 



* If this is the true origin of these vallies, it is obvious how improperly 
thej are designated by the term vallies of denudation. Valley of elevation 
and subsidence^ or anticlinal valley ^ would be perhaps a more appropriate 
'appellation. That these districts have sufferied much subsequent denudation, 
may be, and is, no doubt, true; but the cause of their peculiar form lies in 
llie ele\tttion, fracture, and.subsidence of the strata which once covered this 
space. 

f Hence, these numerous craclcs and Assures, for which all limestone dis- 
tricts are remarkable, and through which their superficial drainage is often 
effected. When a running stream flows for a great length of time through 
any series of such fissures, it wears away and'scoops out the sides, giving rise 
to the caverns so frequent in these fissured limestones, and which, after tiie 
stream had been led to take another course, were often tenanted by animals, 
the remains of which afford the most interesting speculations to the theq^ 
reticai geologist. 



IH4 Trmnefjit FMHw^. 

carpments of tlie Kent and SbfiBex talley^ throrugh.Whlcli flow, 
tbe Wey, Mole, and Med way, towards the A^th, add the> 
AruD, Adur, Ouse, and Cookway^ towards tbe 80«tli« 
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§ lit. Some of the transvereie i^allieaalsoof mouaiainclMritts 
owe. their origin in ulL probability to solutions of.ciMinaityy 
which must pocasionaUy have b^ broken aerOis the saper* 
ficial 8trtt% in consequence of the. irrogolnrity aAd yioleDce 
of their elevation aind sabsidenoe^ This origin is partS^ilaiJy. 
apf^lionble to those de€f> . chasm-like recesses wbtc& centttin 
Iftkes at the fbot of the higher chain»-^. g. the bcisins of the 
Maggiore, Lugano^ Como^ Iseo, and Garda Lak^i on the 
south of the Alps ; and those of Switzerland and Tyrol on 
the north. The vallies -ef Aoste, of the Adige^ the PiltTe, 
and those of the Dtunlnce, Dntc^ and Arc, as well as m^ny 
other minor vtllies hating the same relative direction, Tic* at 
right an j^les to the axis of elevation, prd^bly owe their origin 
to tbe same circuSastance* 

The waters oi the ocean in tbeir raoid and violent retreat 
from the surfiices elevated above iti level, would jiattiraUy 
oeoupgr these fissures, and still ftirtber enlarse and deepen 
tli^m, leaving vast alluvial acciimulictiolis of detritus on the 
plains into which the lower extremity 6f such gorges usually 
open, and where the velocity of the debacle was first checked. 
(Diluvium of Switzerland, Piedmont, and the Italfiaii Lakes^ 
&c.) 

Many other transverse vallies, however, were no doubt 
originally scooped out by these retiritig waters alone^ without 
the previous existence of any directing fissure ; the waters 
excavating their channels alons those lines into which th^ 
were directed by accidents of level in tbe neighbouring sur- 
faces, and the greater or less resistance of the component 
rocks. 

The valKes of either kind have been subsequently enlarged 
and otherwise modified ; and many others, perhaps indeed a 
far greater number were whoUv and entirely excavated by the 
slow but constant and powerful taction, of the same causes 
which are still confinually in jfbrce ; amongst which the fall 
of water from the sky, and its abrasive power as it flows over 
the surface of the land from a higher to a lower level, is the 
principal. 

There is good reason to conclude on grounds which will be 
alleged below, that the quantity of water circulating in this 
manner in given times, has gradually diminished from the 
earliest ages of the world to the present. We need not there- 



ibre i« pi^tMfed from attributing'ta its eiH>8ive agency eflS^dlB 
gre^llr exceeding^ in raagnilt^ those of ^tAAch it appears 
camble at Ihift moment. 

The evidem^e confirmatory of this epiiifion, which I aqu 
aware diffbrs from that mo^t ^eneraUy received at the present 
day, will be developed at a future opportimity, and perhaps 
ifi another work. One proof, however, and that a convinei^ 
one, inay be briefly mentioned here, of the ^hmness of tte 
process by which many very considerable river valltes wer^ 
exi^vated — vie. their sinuasiti/* This character can only be 
aieeouoted for by a lent and gradual abrasion, and whete this 
exists it is idle to talk of sadden catastrophes, debacles, or 
deludes, as having been the excavatin^^ forces. 

It is not iny intention, at present, to investigate in detail the 
eoneordanee of th6se theoretical ideas with the peciiliarfAes 
of stracltfre of individual monntain ranges or elevated di^ 
tricts ; but I think it must be conceded by those who have 
studied the physical constitution of any number of these 
miLssive protub€a*anees with which the surfeces of our con^i» 
Bents are wrinkled, that their general and characteristic fea- 
tures are simply and satisfactorily accounted for by the mode 
of elevation which is here attributed to them. 

The accompanying ideal section of a range of mouifttains 
will illustrate their general features more fully than words 
can do^ and exhibit a few of the accidental and iqijgular 
variations of structure which local circumstances must have 
frequently occasioned in them, according to the laws which 
have been here laid down.* 

§ 12. With regard to the periods at which the several con- 
tinental masses acquired their present elevation, we must con- 
clude from the analogy of the volcanic phenomena, and from 
what we have recognised of the laws which regulate tl\e 
development of the expansive force, that they were raised % 
expansive shocks succeeding one another at greater or less 
intervals. 

Of these the greater number were probably of minor vio- 
lence^ similar to the earthquakes which still continue to ele- 
vate parts of the globe's surface by scarcely perceptible incre- 
ments, and analogous to the minor eruptions of a volcano in 
the phase of a permanent or of prolonged and moderate ac- 
tivity. But it IS also probable that a concurrence of local 
circumstances favourable to a long predominance of the re- 
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pressjve force, will have occflaionally brought on a crisis of 
intense subterranean dilatation, a paroxjfstnal expansum^ the 
effect of which on the solid crust of the earth will have been 
proportionately violent and extensive. 

If it be true, as has been asserted, that outliers of the 
plastic claj and chalk formations have been recognised on the 
summits of the Savoy and Julian Alps, (and the highly in- 
clined sikrata of the "Nagplflue in Switzerland and Italy cor- 
roborate the opinion,) it would seem that the elevation of this 
colossal .European chain, (and perhaps therefore of the whole 
of Europe) from below the level of the sea, took place by scnne 
sudden and tremendous catastrophe of this nature, at a com- 
paratively recent geological epoch .^ 

The traces of (so called) Diluvian action will, in this case, 
be the result of the clenuding force of the waters retreating 
from this elevated surface, and accompanying their retreat 
with frequent successive oscillatory movements. 

If so stupendous a chain was raised in reality at once to its 
present height, the commotion necessarily produced in the 
ocean by such a change, will be fully sufficient to account for 
•all the appearances of an extraordinarily violent action of 
water subsequent to the deposition of the plastic clay, which 
are visible over the whole continent of Europe.f 

* Amongst the evidence of t)ie recent elevation of stratified rocks we 
may mention the limestone cliS of Palermo, and the whole north coast of 
. Sicily, of Calabria^ and the Promontory of Circe, which appean in many 
places perforated by the JfytUu$ UthophaguSj at a height sometimes of up- 
wards of a hundred feet above the level of the sea. Parts of the shells still 
remaining in the holes remove all doubt as to their nature. 

Brocchi. Bibl. Italiana passim. 
Cat. rag. p. 84. 

+ That the sea does share, and that in a very sensible degree, even in the 
ordinary commotions of the earth, was proved by the immense wave which, 
during the earthquake of Lisbon, swept over the lower part of that town ; 
rose to a height of sixty feet above high- water mark at Cadiz, and along the 
whole coast of Portugal, and was felt even on the coasts of England and 
Norway. Again, at the time of the earthquake of Peru in 1746, the sea, 
which retreated at first, returned with fury in a tremendous wave, and over- 
whelmed the whole town of Callao. A similar circumstance accompanied 
the e<irthquake of Messina. The osillatory movement communicated to 
the sea drove an immense wave over the whole point of the Faro, which, in 
its return, drowned all the population of the town of Scilla on the opposite 
coast of Calabria. 

If elevations of but a few inches or feet of vertical height produced oscil- 
latory movements in the ocean of such violence, what must be the effect of 
the sudden elevation of a mountain range like that of the Alps, from the 
bottom of the sea ? 
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The bouldera of Jura and the southern slope of the Alps, 
the filline up of the valley of the Po,.4nd the great alluvial 
flats of Russia, Poland, Prussia, Denmark, North. of Ger- 
many, and Holland, will date from this catastrophe ; while 
the creation and earliest outbreakings of the volcanic fissures 
of France, Germany, Hungary, and Italy, may be supposed to 
have accompanied the same event. 

What subterranean expansions have taken place since that 
epoch, beneath Europe, nave probably been of very inferior 
violence, and perhaps consisted rather in a general and pro- 
gressive dilatation by which the mountain ranges, consisting 
of knots of rocks already protruded, and a great extent oFthe 
continuous stratified crust on one or both sides of them, were 
'slowly raised by almost insensible shocks. 
• The geology of the other continents is not sufliciently 
known to authoriase a conjecture as to whether the relief of 
their grand mountain ranges was projected contemporaneously 
with that of the Alps, or at a more remote or more recent 
period.* ^ ^ 

But the numerous remains of terrestial vegetation, which 
are found in the secondary strata up to the old red sandstone, 
and even in some of the earlier transition rocks, prove that 
much land was elevated above the sea level even, at these 
remote periods. 

It is possible that paroxysmal expansions similar to that to 
which the Alpine chain appears to be owing, took place during 
these earlier ages of the globe's history; and indeed in the 
formation of the old red sandstone it is perhaps possible to 
trace the result of such a catastrophe. Other elevations may 
have been more gradual and less violent. 

The frequent circumstance of the non-conformable portion 
of strata, some having been deposited across the abrupt edges 
of earlier and highly inclined beds, attest the occasional repe- 
tition of such phenomena. 



* If future observations should lead to the opinion that the elevation of 
the principal mountain ranges of the globe T^as simultaneous, we must con- 
clude this general expansion of the subterranean ?ranite to have been pro- 
duced bv some sudden diminution of pressure acting generally on the sur- 
face of tne earth ; such as would be occasioned by Ae near approach of an 
erratic planetary body, or comet. If it be probable, as has been ^own above 
(page 60), that the slight dimintrtions ot superficial pressure, which are 
amongst the habitual atmospheric phenotncna, may determine the produc- 
tion of an earthquake or local elevation of strata, what may not have been 
the effect of the attractive influence on.the atmosphere, ocean, and earth) of 
a comet passing within a short distance of the globe's surface } 
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§ 13. It is Indeed wliat we mus^ tonelude^ fh>tii k pnovi 
evidence, tfaat these occHfrenoes were fiir more fh^qaent and 
powerful in the earlier ages of the globe than they can be at 
present. 

For it is clear that the sum 6f snbt^franean etpansioii 
taking place in fixed times, most have progfessi vely dimibished 
in a rapid ratio. 

Istly. In consequence of the continued decrease of the ex: 
pansiveforce, as the globe gradually cooled down^ and 
its temperature became more nearly equalized* 

Sdlyt From the continual increase of the repressive iiorce^ 
by the additions that were made in the products of voU 
canos, incrusting springs, &c. to the accumulation of 
mineral deposits on the surface of the globe, and per- 
haps to the body of water and atmospheric fluids which 
envelop that surface. 

From these reasons the ratio of expansion, and, conse- 
quently, the frequency and violence of its results, whether 
Consisting in elevations en masse of the solid crust of the 
globe, or volcanic eruptions and exhalations, must have gra- 
dually decreased from the earliest epoch of the history of the 
globe to the present day. 

§ 14. The difference of mineral character in those crystal- 
line rocks, whose protrusion from below accompanied the ele- 
vaiidn <jf the stratified rocks, is a fact open to the same remarks 
which have been already made on the varieties of the rocks 
which were expelled from a volcanic vent, and will probably 
reQiain involved in obscurity until the researches of cnemistry 
shall have made us more intimately acquainted with the laws 
by whioh the crystallization of different minerals is deter- 
mined. 

It seems probable that ordinary eranite, composed of felspar, 
quartz, ana mica, was the original or mother rock, composing 
what has been spoken of as the general subterranean oed of 
heated crystalline rock, or lava. 

Circumstances accompanying its intumescence and recoui- 
solidation, may be supposedi in some cases to have converted 
the mica into nornblende, producing syenite. 

A great degree of comminution, occasioned by the friction of 
the crystalline particles on one another, may have sometimes 
reduced the granite to a porphyry; small particles of felspar 
alone remaining visible in an apparently homogeneous hase^ 
A still further subdivision, eitner accompanied, or not, by 



Gillie, Sithkey and IVi^. il9 

some cbangefi in the combioations of the elementary particles, 
may have ^iven rise to compact felspar, (eurite or weisstein,) 
or serpentine ; and the recrystallization of this latter rock, 
under favourable circumstances, to diallage rock. 

The extreme disintegration of syenitic granite, will, in the 
same manner, have produced' ^^eenstone, and perhaps the 
later traps. 

There are not perhaps any two of these varieties of crys« 
talline rocks which have not beeh ifViupd in nature passing 
into each other eitk^ by sudden or gnidtlal transitions. 

It cannot therefore be deemed a rash conjecture to suppose 
them all to have derived from the same original ; and it cer- 
tainly appears most probable that the alterations they have 
undergone were the result of the circumstances attending their 
rise and protrusidn towards the surface of the globe ; since we 
have to guide us in this suppositioti the exact analogy of the 
congenerous crystalline rocks produced under bur eyes by 
subterranean expansion, from volcniiic vents, in which similar 
changes of mineral characters indisputably take place during 
the processes of emission and consolidation. 
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CHAP. XI. 



Origin of the Strata composing the surface of the 
. Globe, mvolmng a Theory of the Earth. ^ 



. ^ L The explanation which has been attempted in the 
foreg^oing chapter, of the most striking differences of level 
observable in the solid crust of the globe, presupposes a cer« 
tain degree of regularity in its structure, prior to the eleva* 
tion of any of its parts above the level of the sea, since it must 
have been composed of concentric coats, consisting of 

h The crystalline or granitoidal matter; coniSned at an 
intense heat, by the overlying strata, viz. 

II. The series of laminar and schistose crystalline rocks, 

viz. gneiss, mica, talc, and chlorite-schists, &c. &c. 

III. The transition series, both of schistose and stratified 
rocks, arenaceous and ^or such parts of them as were 
sedimental. ^already deposited at the epochs 

^of elevation of the different 

IV. The secondary series. 3 continents. 

The original formation of these different beds is a ques« 
tion whose discussion perhaps does not properly belong to this 
work. A few theoretical opinions on ttiis subject, may, how* 
ever, be briefly hazarded, since they are naturally suggested 
by the phenomena we have been investigating. 

With regard to the uppermost beds of this series, the plain- 
ly arenaceous or sedimental strata, their mode of formation 
differs probably not much from that by which very analagous 
deposits are produced at the present day in the depths of the 
ocean, and within its creeks and inlets, in inland lakes, the 
mouths of rivers, or on the surfaces of the vallies through 
which they flow; and what difference* does exist may be per- 
haps accounted for by the following considerations, which 
have been partly anticipated in the foregoing chapter. 
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. %•-% Wheifever atiy considerable portion of the strata of 
the globe was suddenly raised, in the manner above described^ 
from beneath the ocean, the rush of the retreating waters 
displaced by it, must have possessed a vast abrasive force, by 
which its surface will :have been more or less degraded and 
worn away, and its fragments carried down and deposited at 
a lovFer level. 

But this is not all ; for, by the absolute elevation of such 
a mass, the radius of the globe is dilated on this point ; and to 
compensate for this, and presi^rve its equilibrium, a propor- 
tionate body of water will be immediately transferred to the 
opposite or antipodal pmnt (by the same law which occasions 
the antipodal tide to the point at which the moon's attraction 
is exerted.) The shock produced by the rush of water to thi» 
spot from all sides, f^ill cause its reflection in an opposite di- 
rection ; and a series of oscillatory movements df this sort 
will occur, one wave following another, till the ordinary 
equilibrium of the ocean is finally restored. ^ 

The effect of each of these violent and successive waves will 
be to break up or wear away the inequalities (^ the rocks it 
sweeps over, and to deposit their detritus in sand or gravel 
banks, wherever the velocity of the waves is temporarily 
checked b^ the projecting relief of the submarine levels, or 
as its ori^mal impetus gradually slackens. 

Here then, we see that the abrasive passage of great bodies 
of water, animated by. a violent impulse, over a large part of 
the surface, of the globe, must have accompanied each succes- 
sive elevation of any considerable portion of the strata. 

Such phenomena are, perhaps, fully equal to account for 
the extensive denudations which our continents appear to 
have suffered, and for the origin of the larger fragmentary 
deposits of different ages. And such was probably the real 
character of those moving waters, which, under the name of 
deluges, cataclysms, or debacles, have been unavoidably in- 
ferred by geologists to have occurred at different successive 
epochs in the age of -the world, from the evidence of these 
arenaceous strata. 

It is in the longitudinal vallies of mountain chains, and 
wherever the first ciieck is given to the displaced waters, that 
the coarsest fragments broken off from the highest elevations 
will have been left. 

The finer detritus must have been carried to a greater dis- 
tance, according to the weight of its particles, and the force 
and direction of the currents in which they are suspended. 
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. Wheretlie motion was trifling or null, the finest or aedi- 
mental deposits will have gradually subsided, and mixed with 
the precipitations which were taking place contemporaneously 
from the waters of the ocean, or with the bituminous and cal- 
careous matter that accumulated in its tranquil recesses from 
the decomposition of animal and vegetable substances, and 
the opercula of marine molluscse, coralline bodies, &c. As 
the depth of these beds encreased, ^he pressure sustained by 
those that were lowest, and the elfect of the concretionary 
attraction of similar particles,, eflected their partial consoli- 
dation, and divided them into strata, which some subsequent 
expansion elevated in tarn above the sea-le?el, where they 
lost by draina^ all the water they retained, and were stul 
further consolidated. 

I do not, however, fellow the optnion of the Huttoniaa 
geologists, that these strata are inddrated by the heat trans- 
mitted to them froin the interior of the globe* 

The fact of the occurrence of indurated strata resting on 
cfays and shales, snficientlf disproves this hypothesis. 

The complete consolidation of taany of these rocks certainly 
dates only from the period of their desiccation, and was there* 
(ore subsec^uent to tneir elevation. So ^oon as this change of 
level pernutted the water of anv stratum to run 6^^ the im- 
mense pressure sustained wouldf squeeze it out, and harden 
the remaining mass. The flints in chalk and other liniestones 
ooasist of the fine siliceous particles of each stratum ; which, 
while the wholie wiis soft and pulpy, immediately after its de- 

Eosition, sunk by dieir superior gravity to the bottom of the 
ed, and there agglomerated bv the force of aflBnity into 
nbd«les, or, when very abundant, into thin layers. Shells, 
fragments of rock, and other extraneous bodies, have often 
settled in the lower part of each stratum in the same maimer. 
The seams of the strata in thede, and, I believe, in all sedi- 
mental rocks, were produced by a similar species of elective 
aggregation between the particles of the predominant in- 
gredient in the rock, exerted during the consecutive stages of 
their consolidation. The action of this attractive affinity has 
often produced a more or less crystalline texture, sometimes 
general to the mass of the rock, at others confined to one of 
its ingredients, which acts as a cement to the rest. 

The more complete the process of crystallization, the more 
compact, solid, and coherent, is the resulting rock. The 
action of the crystallific forces in the pulpy mass must be 
favoured by the comminution of its particles ; since the finer 
the particles, and the more nearly they are reduced to their 
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kdegmni moleeales^ the more mobility tbey will enjoy when 
brought into close contact by pressure. 

Those particles which are precipitated from chemical solu^ 
tion in water, are much finer than can be by any sediment pro^ 
dttced by trituration ; consequently, the greater the propor- 
tion of precipitated particles, to those that subside from mere 
suspension in water, the greater the facilities ofcrystallizatioBt. 
Hence, since it is a known general &ct, that, amongst marine 
deposits of different ages, the oldest are almost invariably the 
most crystalline,* it is to be presumed that the proportion of 
the precipitated to the sedimental matter in the deposits of 
the ocean, has diminished gradually from first to last. This 
must be owing either to the waters which supply the ocean 
kaving less and less of calcareous or siliceous matter in aolu- 
tion than before, or to their having ^raduall^ lost the faculty 
of holding these mineral substances m solution ; or finally, to 
both these causes united. 

The waters of the ocean have >two sources, riz. 

L That of land springs, many of which are still thermal, 
others impregnated with silex and carbonat of lime, 
^c, but in the earlier ages of the fflobe it is highly 
probable that the water percolating .uirough the heated 
crystalline rocks, or produced by the condensation qf 
their vapours, both possessed a higher. temperature, 
and was more impregnated with mineral matter.t 

II. Rain water. This again has two sources. 

• Ist. Evaporation, by which pure water alone is car- 
ried up. 
2dfy. Volcanic vapours, by which numerous minenll 
siibitances, as muriate of soda, lime, and magnesia, 
sulphates of soda and lime, &c. are carried up in 
solution ; and either immediately minded with 
the waters of the ocean, if the vent is subaqueous^ 
or carried down into it by the condensation of the 
vapours, if they rise from a subaerial mouth. 



^ Someyerj recent rqcks.of aqueous formatiAn are extremely crjsUlline, 
aa[the Travertinos, Calc-tuff', &c., but these are entirely precipitations from 
calcaliferotts land springs, &c. and therefore tekid to confirm my argument. 

+ ladeed it is«^nowB fcct, -thatthe quantity of calcareous matter depo- 
sited by many of the encriiftiog springs we are. acquainted with, decreases 
from year to year.-^See B^ogniart,in CuvieT's Ossemens Foasiies, ii. 548. 
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But Tolcanic eriiptians, and exMations from the subterra-* 
nean bed of beatea crystalline rocks, appear to have dimi- 
nished by deffrees in number and quantity, since the earliest 
ages of the globe.* 

Thus the quantity of mineral matter carried into the ocean 
in a state of solution from both these sources has progressively 
decreased. 

At the same time it is extremely probable that the ocean 
originally possessed a much more elevated temperature than 
now; when the forces of subterranean expansion were in 
more frequent and violent activity ; when the heated bed of 
granite was separated from the ocean by a thinner crust ; and 
when volcanic eruptions were taking place in much greater 
nuBiber, and almost solely from the bottom of the sea, instead 
of, as at present, from subaerial vents. 

The nature of the organic remains preserved in its deposits, 
which are more completely analagous in size and character to 
those of our tropical regions, the older the formation in which 
they occur, is a strong collateral proof of this fact. A higher 
temperature must also have permitted the ocean to hold more 
mineral substances in solution. And thus it appears that 
both the quantity of these substances introducea into the 
ocean, and its faculty of retaining them in solution, have dimi- 
nished by degrees ; which explains at once the correspondent 
diminution in the proportion of precipitated to sedimental 
matter in its deposits, and the less crystalline grain of the 
newer strata. 

Again; the greater pressure sustained by the older members 
of the stratified formations must have assisted in facilitating 
the crystalline arrangement of their component particles. As 
the weight of superincuiiibent matter (of greater specific gra- 
vity than water) increased upon any sedimental bed, the 
water it contained must have been squeezed out and forced 
to exude upwards through the pores or clefts of the less com- 
pact strata. This would take plaice even under the sea-level, 
and the process of consolidation and crystalline aggregation, 
no doubt, continued, gradually accompanying the augmenta- 
tion of the overlying beds ; and was not finally completed 
previous to the elevation of the stratum above the sea-level, 
when its inore absolute drainage was effected. 

The occasional abrupt curvatures of the sedimental strata 
prove their induration to have been incomplete at the epoch 



• Vide Chap. X. §. U. 
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of tlseir elevatioDy wiiileihdr 6tUi more ftreqo«nt fteetuuM 
attest that they were not far from the limit of complete 
solidity. 

For tbes^ reasons the frequent occurrence of a move or less 
crystalline texture^ and of veins or ciystals of quartz, or even 
occasional crystals of felspar, in some of the earlier coniplo^ 
merate or sedimental strata, under such circumstances as 
prove their crystallization while the rock was undergoing 
consolidation, should appear no more surprising a fact than 
that of crystaUized quartz or carbonate of liine in recent 
marles:t)i^ sandstones; 

In general, I am of opinion that tbe difierent proportioiii 
«ikf siliceoas, aluroinoas, calcareous, or other precipitations, and 
of quartzose, micaceous, calcareous, or other sediments ; thu 
necessary variations in the coarseness and fineness of the sub* 
siding particles, according to the varying rale of motion of 
the currents, or eddies, from which they were deposited \ and 
the different degree of pressure to which they have been ex« 
posed, will explain all the variations of texture, internal 
structure, and composition, in the sedimental and arenaceous 
deposits of all ages, without our recurring to the supposition 
of their having been materially affected by the transmission of 
heat from the subterranean lava bed, on any other points 
than those which have been brought into close contact with 
protruded portions of this cnrstalline bed, forced, in a liquet 
fied state, through fissures of the stratified rocks, by volcanic 
action, (dykes, veins, &c.) 

Even with respect to those early and more rare formations 
which are almost wholly crystalline ; such as the saccharoidal 
limestone, quartz rock, &c. I see no reason to suppose that 
they owe their origin to any other cause than the abundant 
precipitation of carbonate of lime or silex from the primitive 
ocean ; which was at the time perhaps locallj/ supersiUurated ; 
and the subsequent consolidation of these beds, and the- in* 
tense pressure to which from their position they were neces^ 
sarily exposed. 

• The general intermixture of micaceous and other fragmen- 
tary particles in these rocks, proves them to participate in some 
degree in the sedimental character; though. the proportion 
of precipitated matter generally predominated^ 

Where on the contrary the sedi^nental matter, particularly 
mica, was in exce>:s, the mica, talc, and chlorite slates were 
produced ; the quartz, which continued to be deposited, often 
agglomerating into nodules ; and the mica partially recrystaU 
lizing : while occasionally other minerals were formed, sneh 

p 
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aradieatos, epidote, garnet, Sec. See. by the capricious plftj- of 
the forces of chemical affinity* • 

^. 3* With re|;ard to themore completelj^ryBtallifie, and 
nearly granitoidal rocks, which constitute the gneiss forma*, 
tion, their origin is a question- of more difficult solution^ 
Their laminar and schistose structure », however, so analo«* 
goiis to that of some volcanic rocks, (the clinkstones and la*, 
mellar basalts) that little ^oubt can be raised of their being 
indebted for. it to a similar ' cause. It * has been suggestedas 
probable in a former part of this essay, (Chap. Y. §. S.) that 
this structure was occasioned in the Matter class of rocks by 
their subjection, after a partial intumescence, to a resolidifr* 
oation, attended with an incomplete recrystallizati on, and 
produced by an intense pressure between two opposite forces; 
owing to whidi the ci^stals arranged themselves, in such a 
manner as. to havetheir shortest axes in the direction of the 
pressure, and their longest in a plane perpendicular to it. 

Now in the case of the zone of laminar and crystalline rocks 
which is here supposed to have originally encompassed the 
globe, what more evident than that, between the repressive 
force of the overlying strata, and the expansive force of the 
subjacent lava-bed, it must have been exposed to just such an 
intense compression acting exactly in the direction of the 
jradius of the globe, and therefore at right angles to the planes 
itf the crystalline Jaminae ? 

If then we imagine a general intumescence of an intensely 
hea:ted bed of granite, forming the original surface of the 
globe^ to have been succeeded by a period in which the pre^ 
dominance was acquired by the repressrve force, occasioned 
b^ thecondensation of the waters on its surface, and the depo- 
sit! w from them of various arenaceous and sedimental strata, 
(the transition series,) the lamellar structure of the gneiss 
formation is at once simply explained. This structure may > 
have been subsequently increased by the friction of the di& 
ferent laminae as^ainst one another, as they were urged for- 
wards,, in the direction of their plane surfaces, towards the 
orifice of protrusion, along with the expanding granite be- 
neath; the laminae being elongated) ana the crystals forced 
to arrange themselves, in the direction of the movement. ■ 

In what manner this general superficial intumescence, and 
the succeeding phenomena, took place, is a question involving 
9 complete theory of the earth ; which, in the present imper^ 
fectstate of our chemical knowledge, it is difficult to frame o» 
9 satisiactory basis; 
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§[.,4., Perhaps^ how^veri I may be pardoned for offering the 
following conjectural rough sketch of stich a theory ; of the 
imperfections of which t am fully conscious, but to which, the 
i4?aa developed in the foregoing chapters necessarily lead; 
and which appears to me to explain the various appearance* 
presented by the known constitution of the globe, more sun* 
ply, and intelligibly, and to.be more accordant with th^ 
general and constant processes of nature, than any dther whic$ 
the spirit of geological enquiry has yet started. 

I imagine then the mass of the globe, or, at least, its exf 
ternal zone to a considerable deptn, to have been originally, 
(that is, at, or before the moment, in which it assumed the 
position it now holds in the planetary system^) of a. granitic 
composition ; composed probably of the ordinary elements of 
granite ; and having a very large grain ; the regular crystal* 
lization having been favoured by the circumstances under 
which it previously took place; though, as to what those 
circumstances Were, I do not venture to haaard asupposi* 
tion.* 



* The above .theory is not inqompatible with the idea of the graaitic in- 
volucrum of the fflobe having been produced by the superficial oxydatioa 
#f a metallic nucleus. This opinion, originally started under the authority 
of a great name, has since met with, I believe, many suppoiiiers. It must, 
however, be owned that it smells a little of the laboratory \ and that, though 
by possibility it may prove to have been a good guess in the end, yet one or 
two chemical experiments, and one or two analogical inferences drawn from 
them, do* not form a sufficient basis for the ere<5tion of a theory on th6 
origin of the globe. 

Volcanos have been adduced in support of this opinion, and ^have been 
Supposed to proceed from the penetration of water to the metallic nudeus 
of the earth 

This hypothesis isat variance with the whole tenoi' of the {^receding essay ; 
and cannot, I .think, be in any way reconciled to the detaif of the vol<^ni<i 
phenomena. 

But it is equally untenable in itself — For how is it possible to suppose 
that water can percolate to this intensely heated nucleus, without being 
vaporized lo^ before it reaches the limits pf the metallic part ? What 
force is to urge the water to this depth I Whence did this fluid Ofiginally 
derive ? and how, above all, after having been once expelled, together with 
A quantity of the oxydized matters through the fissures of admission, iS it 
to find its way again to the same point, so as to produce a repetition of the 
eruption ? 

The only evidence that can be adduced at all, in fovour of such an hypo-^. 
thesis, consist in the circumstance that roost volcanos break out from the 
idea or the sea-coast. 

' This fact, however^ has \ie&k fully accounted for by proofs that it is the 
local absence of volcanic vents, which determines those elevations of thd 
superficial strata on the large scale, to which our continents are owing ; 

P 2 



SS8 Origin of its Ainwsphere and SfAeraidtd Farm. 

I suppose that on reachieg its aetii^l orbit, and even before, 
it enjoyed a g;reat diminution of the pressure which had pre-* 
viouslv crystallized, or a€ least preserved it in a state of 
trystallii^ation, at an intense temperature, (perhaps at an in-^ 
tegrant part of the sun ?*) 

[ This diminution of compression produced its expansion; 
Which must have taken place from the surface inwardly to- 
wards the centre ; the outer coat being rapidly volatilized 
more or less, and the next zone only liquefied partially ; the 
dilatation experienced diminishing towards the interior. 

If the diminution of previous compression commenced, as is 
likely, before the planet reached its actual orbit, great part 
of the atmosphere, formed by its superficial vaporization^ 
will have been parted with on its passage from the son ; (like 
that of a comet, which, in its tail,, seems to be continually 
leaving behind > part of its •aubstauee in an aeriform state*) 
The aeriform envelope which remained, or wafls evolved, after 
it had settled in its present position; (the centrifugar force 
which drove it from the sun, having reached an equilibrium 
with the centripetal force, or gravitation, which draws it to- 
wards the centre of the system i) formed, and still forms, its 
atmosphere; and by subsequent condensation, part of its 
ocean, or main reservoir of superficial waters. 

Supposing the globe to have had any irregular shape when 
(detached from the sun, the vaporization of its surface, and of 
course, of its projecting angles, together with its rotatory mo- 
tion on its axii^, and the liquefaction of its outer envelope, 
would necessarily occasion its actual figure of an oblate 
ispheriod. As the process of expansion proceeded in depth, the 
original granitic beds were first partially disaggregated, next 
disintegrated, and moi'e or less liquefied ; the crystals being 

and that therefore, in the same quarter of the globe* the rise of land above 
the sea-level mast have generally varied inversely with the development of 
the volcanic phenomena. 

* The phenomena of Aerolites seem to indioite that masses of mineral 
•matter of a crystalline texture, granitoidal btructure, sometimes almost 
identical with granite in mineral composition, are still occasionally pro- 
jected through the range of our planetary system, and come within the 
sphere of the earth's attractive influence. The coat of glossy black varnish 
which forms on the surface of these stones^ and of their fragments as they 
tall, seems to be somewhat analogous to the original micaceous envelope of 
the globe. 



Primteval Ocean; mhitttnces dissolved 0r suspended hy it. ^S^ 

myrgei] in: t&eeis9tic vehicle proddcedl by the vaporisation of 
the water contained between the kminse.* 

Where this fluid wa9 produced in abundance by great dila- 
tation,' that is, in the outer and highly disintegrated strata, 
the superior specific gravity of the crystals forced it to rise 
upwards; and thus a great quantity of aqueous vapour was 
produced on the surface of the globe. 

As this elastic fluid rose into outer space, its continually 
increasing expansion must have proportionately lowered its 
temperature; and in consequence a part was recondensed 
into water, and sunk back towards the more solid surface of 
the globe. 

And in this manner, for a certain time, a violent recipro- 
cation of atmospheric phenomena must have continued. Tor- 
rents of vapour rising outwardly ; while equally tremendous 
torrents of condensed vapour, or rain, fell towards the earth. 
The accumulation of the latter on the yet unstable and un- 
consolidated surface of the globe, constituted the primseval 
dcean. The surface of this ocean was exposed to continual 
vaporization owing to intense heat; but this process ab- 
stracting caloric from the stratum of water below, bv par-, 
tially cooling it, tended to preserve the remainder in a liquid' 
form. The ocean will have contained, both in solution and 
suspension, many of the matters carried upwards from the 
granitic bed in which the vapours, from whose condensation 
it proceeded, were produced, and which they have traversed 
in their rise. The dissolved matters will have been'silex, car- * 
bonates, and sulphates of lime, and magnesia, muriates of soda, 
magnesia and lime, and those other mineral substances which 
water atan intense temperature and under such circumstances 
was enabled to hold in solution. The suspended substances 
will have been all the lighter and finer particles of the upper 
beds where the disintegration had been extreme ; and parti- 
cularly their mica, which, owing to the tenuity of its plate- 
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* If indeed this fluid was not itself produced by the forced union, at an 
intense heat and pressure, of hydrogen and oxygen gasses,^ generated bjf^ . 
the volatilization of some of the mineral particles composing the outer 
laminae of the crystals ; hy which exactly the same e0ect would be pro- 
duced, as if .the water had been mechanically enclosed between, these » 
laminae. Though this conjecture is by no means warranted: by the Dresoit 
state of chemical knowledge, it does not I believe contradict any known . 
fact, and would explain many problematical (circumstances; particularly 
the non-occurrence of water in the older granites. 



990 DepoiiUon o/tke Gneiss farmtUion. 

sbaped crystals, would be most readily carried up by the 
ascending; fluid, and will have remained longest in suspen-* 
sioq. 

But as the torrents of vapour, holding these various mat- 
ters in solution and suspension, vrrere forced upwards, the 
greater part of the disintegrated crystals by degrees subsided; 
those or felspar and quartz first, the mica being, as observed 
above, from the form of its plates, of peculiar buoyancy^ and 
therefore held longest in suspension. 

The crystals of felspar and quartz, as they subsided, toge- 
ther with a small proportion of mica, would naturally arrange 
themselves so as to have their longest dimensions more or less 

Jmrallel to the surface on which they rest; and this paral- 
elism would be subsequently increased, as we shall see herer 
after, by the pressure these beds sustained between the weight 
of the supported column of matter and the expansive force 
beneath them. These beds 1 conceive, when consolidated, to 
constitute the gneiss formation.* 

The further the process of expansion proceeded in depth, 
the more was the column of liquid matter lengthened, which 
gravitating towards the centre of the globe, tended to check 
any further expansion. It is therefore obvious that after the 
globe settled in its actual orbit, and thenceforward lost little 
more of its enveloping matter, the whole of which began from 
that moment to gravitate towards its centre, the progress of 
expansion inwardly would continually decrease in rapidity; 
and a moment must have at length arrived when the forces of 
expansion and repression had reached an equilibrium, and the 
process was stopped from progressing further inwardly by 
the great pressure of the gravitating column of liquid. 

This column may be considered as consisting of different 
strata, though the passage from one extremity of complete 
solidity to the other of complete expansion, in reality must 
have been perfectly gradual. The lowest stratum, immediately 
above the extreme limit of expansion, will have been granite 
barely disaggregated^ and rendered imperfectly liquid by the 
partial vaporization of its contained water. 



' # The marks of mechanical attrition in gneiss are well known ; itshroken 
cr^fstak, frafpnentary nodules, and passa^ into qttartz-rock, and other 
niore decidedly mechanical deposits. It is also a general remark that the 
largestgrained gneiss lies nearest to granite, and that it hecomes finer, more 
jslaty, and more micaceous, as it recedes from the granite. (Jameson'^ 
Geognosy, p. 115.) 
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. '^ ' Fig. 34. . 

• The B^ond stratum was granite disin- 
'tegrtsied; * aqueous vapour having been 

produced in: such abundance as to be 
•enabled to rise upwardf^, partially dis* 

integrating the crystals of felspar arid 
• mica, and superficially dissolving those 

of quarts. Thi^ mass would reconsoli- 

date into granite, though of a smaller 

grain than- the preceding rock. . 

The third stratum wasso far disinte^ 

f rated that the greater part of the mica 
ad been carried up by the escaping va- 
'ponr ifi suspension^ aiid that of quartz tit ; 
solution; the felsparj crystals, with ihe 
'remaining quartz ' and mic», subsiding 
by their specific gravity, and arranging 
themselves in horizontal planes. 

The consolidation of this stratum pro- 
duced the gneiss formation. 

The fourth zone will have been com*' 

posed of the ocean of turbid and heated 

i water holding mica, &c. in suspension, 

'and quartz, carbonate of lime, &c. in 

solution, and continually traversed by 

reciprocating bodies of healed water ris-* 

' jngfrom below, and of cold fluid sinking 

-from the surface, by reason of their dttV 

erefit specific gt^avities. 

The disturbance thus occasioned will have long retarde4 

the deposition of the suspended particles. Bui this must by 

.degrees have taken place, the quartz grains, and the larg-er 

.and coarser plates .of oiica, subsiding first, and the finest 

' .last.* 

But the fragments of quartz and mica were not deposited 
alone ; a great proportion of the quartz held in solution must 
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♦ It is acknowledged by geologists that the large grained and most quart' 
zose varieties of mica-slate are the oldest, (th^il is, the lowest of the series,) 
^nd that the rock becomes finer and approaches more nearly to cfay<$lat«, 
fas it recedes from the supporting gneiss. 

Mica-slate also exhibits marks of a more completely mechanical deposU 
tion than gneiss. (Jameson jp. 119.) 



' S3S Tramition Racks, the primilive tiuii tfike Qhbe. 

hav6 been precipitated at the same time as the water cooled, 
and therefore by degrees lost its fiMsuUy of holding^o it^lich 
in solution. Thus was gradually produced the formation i|f 
mica-schist. The mica hnperfectly recrystalUzing, or being 
merely aggregated together in horiasontal plateau betweea 
which the quartz either spread itself ^[enerally in minttO 
grains, or united into crystalline nucleis* On other spot^^ 
instead of silex, carbonate of lime was precipitated) tog-ether 
trith more or less of the micaceous sediment, and gave rise tp 
the saccharoidal limestones. At a later period, when tbie 
ocean was yet further cooled down, roek salt, and sulphate of 
lime, were locally precipitated in a similar mode. 

The fifth stratum was aeriform, arid consisted in great pai*t 
of aqueous vapour; the remainder beinga compound of oth^r 
elastic fluids (permanent gasses,) which had been formed 
probably from the volatilization of some of the substances 
contained in the primitive granite, and carried upwards with 
the aqueous vapour from below. These gasses will have been 
either mixed together, or otherwise disposed, according to 
their different specific gravities,, or chemical affinities; and 
this stratum constituted the atmosphere, or aerial envelope of 
the globe. 

When, in this manner, the general and positive expansion 
of the globe, occasioned by the sudden reduction of external 
pressure, had ceased (in consequence of the repressive force 
consisting of the weight of its fluid envelope, having reached 
an equilibrium with the expansive force, consisting of the 
caloric of the heated nucleus), the rapid superficial evapora- 
tion of the ocean continued ; and, by gradually reducing its 
temperature, occasioned the precipitation of a proportionate 
c^uantity'^bf the minerals it held in solution, particolarly its 
silex. 'Thei^e substances falling to the bottom, accompanied 
by a larg^ proportion of the matters held in suspension, par* 
ticularly the mica, in consequence of the greater ^comparative 
tranquillity of the ocean, agglomerated there iijto more or 
less compact beds of rock (the mica-sclrtst formation), pro- 
ducing the first crust or solid envelope of the globe. Upon 
this, other stratified rocks, composed sometimes of a. mixture, 
soQiWtimes of an alternation, of precipitations, sediments, and 
occasionally of conglomerates, were by degrees deposited.; 
giving rise to the transilion formations. 

Beneath this crust a new process now commenced. The 
outer zones of crystayine ms^tter haying been suddenly refri- 
gerated by the rapid vaporization, and partial escape of thn 
water they contained, abstracted caforic from the intensely 



Jkeatod ttucteuB- ^f ih^^globe. .Tbese crysUlline aones were 
of unaqiial 4<^p8iiy^ tb^ expfii^ioa they bad suffered diminish- 
ing fr^Di. aVove .doi?awards* , 

s 'f heir expaasiv^ force was however equal at all points, 
.tb^ir temperature bearing every where an inverse ratio to 
tb^ir density. But wbep, by the accession of caloric from the 
inner and unliquefied nucleus, the temperatiire, and cohse^ 
iquenCly the-^p^omve force, of the lower strata of dilated 
crystalline matter was augn^ented, it acted upon the upper 
^and mor^ liquefied stra^. These, being prevented n-om 
•yielding quiwar4lj/i by the tenacity and weight of the solid 
inyolucrum pf precipitated and sedimental deposits which 
overspread ttn^iu^ sustained a pressure out of proportion to 
.Iheir expansive force, and were in consequence proportion- 
ately, eaniiensed, and by the continuance of tne process, 
where the .overlying strata were sufficiently resistant, finally 
consolidated. 

ft 

This process of consolidation must have progressed froqi 

above downwards with the increase of the expansive force in 

the lowei; strata, commencing from the upper surface whic^, 

its temperature being lowest, offered the least resistance to the 

.force of .compression* 

By this process the upper zone of crystalline matter, which 

^had intumesced so far as tq allow of the escape of its aqueous 

vapour, and of much of its mica and quartz, was resolidified; 

the component crystals arranging themselves in planes per- 

.|iendicular to the direction of the pressure by which the mass 

.was consolidated, that is, to the radius of the globe. The gneiss 

formation, as already ob^^erved, was the result. 

The inferior zone of barely disintegrated granite from which 
only a part of the steam and quartz^ and none of the mica,- 
had escaped, reconsolidated in a confused or granitoidal 
manner; but exhibits marks of the process it has undergpne, 
in its broken crystals of felspar and mica; its rounded, and 
auperficially dissolved grains of quartz ; its imbedded^ f^^Sr 
.roents (broken from the more solid parts of the mass, as it 
rose, and enveloped by the softer parts); its concretionary 
nodules, and new minerals, Sec* 

* Humboldt asserts the oideil granites (that is the lowest) to contain most 
quartz and least mica ; the increase of mica creating a foliated structure 
by the [>allets being placed in a parallel position, and then the rock passes 
into gpeiss, or foliated granite ; the older granites distinguish themselves 
ako by their large grain, and the r^ular crvstallization of the constituent 
BiMiBralfr). by^the abseace of iaclud(S nodules, ma^^es of a dififerent grain. 



9di S^rUesi developments of SuiiMtrwiiitm Bxpammu 

'Beneath Ais, the ^nite, which had been gimpty diMg^i^- 
gated, was a^in solidified, and returned in all respects to its 
former condition. The temperature, however, and with it 
'the expansive force of this inferior zone, was continually on 
*the increase ; the caloric of the interior of the globe still en- 
deavouring to put itself in equilibrio, by passing off towards 
the less intensely heated crust. 

This continually increasing expansive force must at length 
'have overcome the resistance opposed by the tenacity and 
'weight of the overlying consolidated strata. It is reasonable 
to suppose that this result took place oontemporanedusly, or 
nearly so, on many spots; wherever accidental circumstances 
in the texture or composition of the oceanic deposits, led 
'them to yield most readily; and in this manner were pro- 
'duced those original fissures in the primaeval crust of the 
earth, through some of which (fissures of elevation) were 
protruded portions of the inferior crystalline zones in a sdlid 
or nearly solid state, together with more or less of the intu- 
mescent granite, in the manner above described ; while others 
(fissures of eruption) gave rise to extravasations of the heated 
crystalline matter, in the form of lavas, that is, still further 
liquefied, by the greater comparative reduction of the pres- 
sure they endured. 

The protrusion of the foliated rocks, gneiss, mica-schist^ 
clay-slate, &c. was chieQy occasioned, as was observed above, 
by their peculiar structure; the parallel plane surfaces of 
their component crystals, particularly the plates of mica, slid- 
ing with facility over one another ; while the laminar struc- 
ture of these rocks was in turn increased during this process, 
the crystals being elongated in the direction of the motion, as 
' in the case of the clinkstones and pearlstones of the trachyttc 
formation. 
The violence with which these rocks were elevated, and 

_ _ ^ 

'of heterogeneous beds (grunstein ^od limestone) of accidental minerals, 
such as epidote, hornblende, steatite, garnets, tin, oligistic iron, actinoiite, 
&c. &c. ; and by a non-porphyritic structure. The newest granites 9fe 
characterised by me presence of tin, magnetic; iron, hornblende, diall^ge, 
garnet, talc, and chlorite replacing the mica, and by a tendency to pass into 
' gmphie grmniie l-f^Essai sur la Qassijication des Roches. 

The increase of mica in the new granites is, I think, only apparent^ the 
tabular plates composing the heicahedral prisms of the older rock having 
been separated and broken up b]^ the friction accompanying the process m 
intumescence, so as to be disseminated more generally through the rock, 
and consequently to make more show, although perhaps really in lesser 
quantity. 

The same circumstance b very apparent in some varieties- of tiachyle» 
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the' repKcatiohs into which it forced thetn, produced nume* 
irouB firactures which were -filled in one of the following 
nodes, VIZ. . 

I. By intrusion of the intumescent granite from below^ 
when the crack opened directly towards it. 

> Ih By rapid expansion of the crystalline rock composing 
the sides of the fissure, when its temperature was sor 
great as to produce the ebullition of the contained 
water, nt the diminished pressure occasioned by the 
creation of the fissure. The matter produced in either 
mann.er, would.be, probably, a fine-drained ^ranitqidal 
rock; or by the continuance of disintegratiop, a por* 
pht/rjf ov serpentine: if its particles were comminuted 
to an extreme degr^ee by the friction attendant qn itft 
intumescence, they ma^ subsequently, during the pro^. 
cess of slow consolidation, have affected entirely new 
combinations, and given rise to diallage-rock, syenite^ 
hornblende rook, &c. 

III. Where the temperature of the rock was not sufficiently 
high to produce rapid ebullition in the walls of the 
fissure, the aqueous * vapour alone' which remained' 
' within the rock would be forced to iexude from either 
side, by the pressure of the mass above, arid occupy the 
cavity, bringing with it the silex it holds in solution, 
which, as it gradually cooled, will have crystallized; 
sometimes together with other mineral and metallic 
matters sublimed from the lower part of the fissure, 
' where the temperature was higher. Hence the nume- 
rous quartz veins of gneiss, but particularly of mica- 
schist, and which are so frequently metalliferous* 
Whenever any of these fissures opened outwardly into 
the ocean, or any of the looser arid more permeable 
strata, the immense pressure acting on the lower beds 
will have propelled the vapour upwards through these 
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* According to Dr. MaccuUoch the gneiss of tlie Hebrides is always 
locally dislocated, bent, and contorted, in proportion to the abundance of 
granite veins which intersect it Sometimes the gneiss is »h^edj at others 
not, by these veins. In such granitic contemporaneous veins, particularly 
in those which traverse granite, very regular quartz crystals often occur in 
cavities (pockets^ geodes)^ that is air-bubbles, formed by the accumulation 
of the highly cotnpressed aqueous vapour into large volumes ; the silex 
having be^ subsequentlv precipitated on. the sides of the cavity by slow 
degrees, as the water coolea. Hence too the extreme rarity of the gaseous 
fluid- which occupies these cavities before they are broken into. 
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sAyini and jpcodu^- the. cobtiimaiKtf of ite eMudatkiii 
from the walls of the vein, togother with fresh mineral 
matter in solution ; part of which crystallised oa the 
. ^idesof the fissu^e^ and the surfaces of. what fragments 
occurred in it. 

The; disturba^eo^iif the water occasioned by this- process 
ty .aocfounti perhaps, for the chij and bouldeced fragments, 
^khich are #6inetimes found in < mineral veins ; though it is 
wore probable that these have found their way into\open fis- 
sorest from above* 

i The quartz veins of claj-slate, quaHz rock, &c. were, most 
probably, formed, in the same manner, by esudation of water, 
with silex in solution, froin the sides or cracks, produced in 
tibam, whether by external force, or by the contraction ac- 
companying their desiccation. Itt the case df gneiss or granite, 
if the rock was not completely consolidated when the rupture 
took place, and yet at too low a- temperature for ebullition, 
the crystalline matter of the sides may have been squeezed 
into the iissuro together with the exuding water ; and here the 
solid crystals of felspar and mica enjoying a greater facility 
of motion in this aqueous vehicle, will have reunited by 
degrees into larger crystals. The. felspar appears sometimes 
to bave forced the quartz, which was precipitated from the 
water as it cooled^ to arrange itself in plates between the 
parallel laminsa of its reaggregated crystals, so as to produce 
what is called graphic granite^* which usually occurs in the 
granitic veins of the gneiss formation. 

> The formation of the pure quartz veins will always have 
been subsequent to that of tiie granitic ; since the former re- 
quire the previous refrigeration of the rock, as well as its 
Eartial consolidation ; and this accords with the numerous 
nown examples of granitic veins traversed by quartz, while 
the contrary fbct is, I believe, unknown. 

These sudden partial elevations of the crust of the globe, 
and the other various caustes which at this period ilisturbed 
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* It is pdasible tibat iu the glassy felspar crystals of trachyte, which are 
almost pure silex, though they retain the crystalline form of feJ^ar, plates 
of stlex may be in this manner appliques in thin lamime between the dif- 
ferent crystalline molecules, and that the general absent of- grains or 
i^ystabofq^iartz in this, recent gcanitoidal rock may be thus accounted 
for. The toda, which is al^ an element of these crystals, and by the help . 
of which the quartz was: prob^ly taken into solution by the aqueous 
juices of thp rock, augotents the evideace in favour of this supposition* 
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the tranquillity of the primitive ocean, produced violent waves* 
and current's, which broke- up and triturated the projecting^ 
eminences of its bottom, and distributed their fragments in 
alluvial conglomerate strata, wherever the turbulence of these 
moving waters was partially checked. The surface of the 
globe at this period consisted chiefly of mica-schist ; and hence 
mica and granular quartz predominate greatly in the conglo** 
merates of this epoch (greywack^ and granular quartz rock.)- 

The subsidence of these fragments was accompanied and 
succeeded, during intervals of tranquillity, by that of the finer 
micaceous particles suspended in the ocean, and by the precis 
pitation of silex or caroonate of lime ; and hence the o^ca« 
sional passages of greywack^ into mica-slate, fine-grained' 
quartz-rock, and transition limestone. Hence too the almost 
uniformly dark colours of the two latter rocks, when of too 
fine grain for their elements to be recognized.* The protruw 
siou of crystalline rocks from below, through fissures oferup- 
tion successively formed during the deposition of these earliest^ 
arenaceous ano sedimental strata, accounts for the frequent- 
occurrence of intruded dykes, veins, &c. of syenites, porphyr 
ries, serpentines, ^nd trap-rocks, in this formation. Tnese* 
different crystalline rocks being, as I conceive, merely varied- 
ties of granite disintegrated in a greater or less degree, and- 
recrystaliized unAer peculiar circuinstances^ which occasioned 
the formation of new mineral combinations. In this manner,. 
epochs of intense local development of subterranean ex- 
pansion, producing partial elevations of the earth^s crust, 
and local depositions of conglomerate rockd, will have, proba- 
bly, often alternated (according to the general laws or these 
phenomena) with periods of comparativte tranquillity, during' 
which the sediments and precipitations of the ocean were of a 
finer grain ; and hence the alternations of the various arena- 
ceous and sedimentary strata which compose the secondary 
formations.t 

But in the mean time the temperature of the ocean being 
somewhat lowered, it began to be thickly peopled with orga- 

* The bitamen resulting from decomposed animal and vegetable matter 
aided in producing this colour. 

f For the same reason'that mica predominates in the earliest fragmentary 
deposits, the micaceous schists having been first exposed to the denuding 
forces, claj and quartz began subsequently to prevail when the excavations 
bad reached to the subjacent formation of gneiss and granite. Where the 
attrition -of these fragments was long continued , the mica and felspar will 
have been triturated so complete! v as to rematn/or a li>ng time in suspen- 
sion ; while the rounded grams of quartz alone by their superior hardness 
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nicbeings of simple structure, and a con^itution suited to, 
the circumstances under which thej were created. Portions 
also of the elevated strata having risen into the vicinity of, 
and even above the level of the sea, the vegetable world' 
sprung into life ; at first plants of the simplest characters, and 
fitted to live under water, or in the overloaded and heated 
atmosphere, were alone produced. Their entwined masses 
r4>tting on the surface and sides of the stagnant bavs^ and 
gulfs where they grew, or into which they had floated down 
from inland lakes, were slowly carbonized ; and subsiding to 
^e/bottom were, at last, interbedded with strata of water- 
WPrQ fragments, brought into the sea by the copious fluvatile 
torrents; which, in that ao^e, must have been on a scale of 
magnitude proportioned to the rains which poured down with 
scarcely intermittent violence on the first-born continents. 
(The Coal strata,) 

At length as the temperature of the globe'd surface, and 
consequently of the ocean and atmosphere, gradually dimi- 
nished (by radiation of caloric from the atmosphere into the 
surrounding void) the quantity of water taken into circulation 
through the atmosphere decreased ; the continents were no 
longer deluged by perpetual floods of rain.* New tribes of ' 
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ImviDg partiaHy resisted tb^ attritioii were deposited by tiieniselvesjn the 
pore quartzose sand or sandstone strata, which are of frequent occurrence 
m the secondary and tertiary beds. The clay subsided probably afterwards, 
either by itself, so as to form shales, or in conjunction with carbonate of 
lime, in the coarse marly limestones. 

' * The following are the principal causes which must have occasioned a . 
much more rapid and abundant circulation of water through the atmo- 
sphere, and over the surface of the globe, in the earlier ages of its history. 

I. An inferior atmospheric pressure, owing to which the rapidity •fsu-. 

perficial evaporation was proportionately great. 

II. Greater abundance of aqueous vapour directly exhaled from the in- 
terior of the earth, through every practicable pore of its crust, and* 
by means of volcanic spiracles. 

III. The facility of evaporation resulting from the heated state of the 
' earth's crust, which probably long retained all the water which was- 

in contact with it, far above the boiling point undor the pressure of 
the atmosphere alone. The sutface of the ocean was probably for a 
very long period in continual ebullition; the water heated by con- 
tact with file solid bottom rising from its superior specific gravity- 
The earliest zoophytes and organised inhabitants of the sea were 
nrobably able to support this high temperature. We know that 
some plants and animals will live and flourish in thermal sprmgs of 
a very elevated temperature. 
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organized beings, both vegetable and animal, came intoexr 
i^tenc^ — ^the marine deposits contained by degrees less of prer 
cipitated matter, and consequently became lejs crystalline 
and compact; strata of shales, dull limestones, marls, and 
chalks^ succeeding those of clay-slate, marbles, and breccias; 
until the succession of ages finally brought about the condi- 
tion in which the globe at present exists. 

In consequence of the general nature of this gradual change, 
Hrrought by the slow refrigeration of the outer zpnes of the 
globe^ t^e congenerous rock formations of any individual 
period have usually some characteristic features by which they 
resemble one another, and differ from those of preceding or 
Isubsequent ages. This is particularly the case with regard 
to the organic remains they enclose. These distinguishing 
marks, however, should not lead us into the error of supposing 
that all similar and coeval deposits were strictly contemporar 
neous ,\ much less that they « were, uniformly deposited over 
the whole surface of the globe. 

!N^o geologist questions the fact, that the various freshwater 
formations which have been already noticed in England, 
France, Germany,^ Italy, Hungary, and Spain, are /oc/i/ for*- 
mations in the strictest sense produced in separate basins or 
districts of more or less extent. Vet the analogies which 
^xist between the formations of these different localities ar^ 
striking, and, to say the least, as complete as those subsisting 
between the more ancient marine formations of different lo* 
ealities. The resemblances therefore of these early formations 
in different countries does not in the least tend to prove that 
they are relics of the same con^nijous strata. Because we 
find in the south of Russia, for example, a rock. formation 
resembling the chalk of England or France^ there is not the 
slightest reason for supposing similar deposits to have been 
ever formed in the intermediate space.. 

The same thing is true of every other marine formation, 
and particularly of the alluvial or arenaceous strata, which 
were more necessarily local deposits, than the sedimentary 
beds; since the heavier drifted fragments must have been 
deposited from the marine currents at the first check which 
their velocity experienced. . The same current which depp'- 
sited a coarse conglomerate at the foot of the masses of rpck 
it was wearing away, perhaps left the materialsof a sandstone 
at a greater distance ; farther on, a shale or b.. marl; and.stiU 
farther, a clayey lifnestone. When the progress of the ex- 
cavating process, or other circumstances, by altering the relief 
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Df the subaqueous surfiice, had changed the direction and ton- 
tluct of the currents, the nature oFthe deposits may have been 
locally altered; gravel or sand being drifted upon those points 
where the finer clayey and calcareous particles had formerly 
subsided, or where coralline zoophytes and molluscous ani- 
mals had lived and died in myriads; and these being in turn 
left upon the previously formed arenaceous beds. In this 
manner limestones, shales, and sandstones, were, no doubt, 
produced contemporaneously on different spots; and many 
alternations of such strata may have taken place within no 
very lengthened period. It is therefore evidently needless to 
imagine unprecedented and extraordinary changes general to 
the whole surface of the globe for the sake of explaining such 
alternations which, no doubt, are from time to time taking 
place in an analogous manner at the bottom of the actual 
ocean. 

Indeed, with regard to the formation of the successive con- 
glomerate or arenaceous strata, as well as of the traces of 
excavation and denudation visible on the dry surfaces of the 
€arth (both of which appearances are evidently connected in 
Iheir origin ; the fragmentary strata being the accumulated 
wreck of the rocks excavated and worn away), it certainly ap- 
pears to me at once the most reasonable supposition k priori, 
and the best warranted conclusion from the facts within the 
scope of our observations, that the superficial destruction of 
the irregula r protuberances of the earth s crust, by the erosive 
force of water in motion, has gone hand in hand with the ac- 
cumulation of their fragments in alluvial strata, ever since 
the epoch of production of the first conglomerate rocks ; that 
it has proceeded generally by a lent and uniform process, 
gradually diminishing in energy from the beginning to the 
•present day; but occasionally presenting partial crises of 
excessive turbulence, resulting from accidental combinations 
of circumstances favourable to the maximum of violence ; 
and particularly the sudden elevation of continental masses—- 
that this process is, for the most part, the same which still 
operates in the circulation of watier, through the atmosphere 
and ocean, and over the surface of the earth; and finally that 
the intermittent occurrence of circumstances productive of an 
excess of disturbance and abrasive energy, as well as the 
gradual diminution of intensity in the general process, are 
both of them suppositions warranted by what we already 
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know pf the laws which regulate the circulation of water, and 
of the conBtitution and active subterranean forces of our pla« 
net. Whereas, if this explanation be rejected, we must have 
recourse to the gratuitous invention of vague and unexam- 
pled occurrences, referable to no known law of nature ; but 
which under the specious names of deluges, cataclysms, con- 
vulsions, &c. serve merely as convenient cloaks to our igno* 
ranee, and solve the difficulty only by the magic of an empty 
sound. 

§.5. It appears to me therefore on the whole, that the 
formation of^tne grand mineral masses of every age composing 
the known crust of the globe, is attributable to three primary 
modes of production, distinct in their nature, but of which 
the products have been often confused and mingled together, 
from circumstances of isochronism or collocation. — These are, 

I. The chemical precipitation of various mineral substances, 
but particularly silex and carbonate of lime, from a * 
state of solution in the ocean, or other body of water ; 
as its temperature and solvent powers gradually de- 
creased. 

IL The subsidence of particles of mineral matter, of va- 
rious deo^rees of coarseness, from a state of suspension 
in the ocean or other reservoir, into which they had 
^ been taken up, either by the violent escape of aqueous 

vapour from the interior of the globe, by the abrasive ^ 
force of marine and fluviatile currents, or finally by 
the decomposition of the shells of molluscous animals, 
which possessed the faculty of elaborating their cover- 
ings from the substances they procured from sea-water. 

III. The elevation of crystalline matter through fis^res 
in the crust of the globe, which had been already 
formed in the two former modes ; this rise being occa- 
sioned either by the expansion ofa lower bed, in which 
case the rock was elevated nearly in a solid state ; or 
by its own intumescence, owing to a sudden diminution 
of compression ; in which case the matter rose in an 
imperfectly liquid state, and at a high temperature. 

Aljt the characteristic differences observable in the succes- 
sive formations of every kind, may, I conceive, be satisfactorily 
traced to the gradual diminution in frequency and energy of 
the productive causes, the varying nature of the original ma- 
il 
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attributed to cduses sttU in operation. 

tecmUi neted on, and the chemical and nlechanical changes 
thej; have undergone during the process; and with thisconsl-. 
deration in view these three modes of production are perhaps, 
fully equal to account for the oiigin of all the great mineial 
itiasse^ observable on the surface of the globe. They have 
also one itpmense advantage over most, perhaps over all, of 
the fajpothebes that have as yet been brongfat forward to ex-- 
plliin the same appearances ; and which speaks volumes in 
their favour ; and this is, that thei/ are all still in operation^ — 
with diminished energy, it is true ; but this is the pecessary 
re^lill of their nature. 

The first mode still gives rise to calcareous and siliceous 
rocks of great solidity, and even of a crystalline tex* 
ture, in the vicinity of certain thermal or mineral 
springs. ' t^ 

The second still produces strata of marls, sand, and ^rav^« 
at the bottom of the sea, of inland lakes, and in wiv 
beds of rivers ; which strata bear a very decided anm^^ 
logy to the earlier sandstones and limestones. 

The third is in constant operation wherever volcalios break 
out into activity, or earthquakes prodiice elevatioiis of 
the solid strata. 

It has hitherto been a serious impediment to the progress 
of knowledge, that in investigating the origin or causes of 
natural productions, recourse has generally been had to the 
examination, both by experiment and reasoning, of what 
might be rather than what is. 

The laws or processes of nature we have every reason to 
believe invariable. Their results from time to time vary, ac- 
eordhig to the combinations of influential circumstances.; but 
the processes remain the same. Like the poet or the painter, 
the chemist may, and no doubt often does, create combinations 
which nature never produced ; and the possibility of such and 
such processes giving birth to such and such results^ , is no 
proof whatever that they were ever in natural operation. 

Another fertile cause of error in most of the various geolo- 
gical theories which have been successively presented to the 
public, lies in the notion (originating in our love for the^ mar- 
vellous) that every appearance out of the common ^c^tt^^'f 
things is owing to some one novel and txteaiorAimtrfWmBeii 
This disposition it is which has at varioos times origiil&ed'^Bo 
many false, foolish, andmtsthieVoils^pinimis,'a9toTOe causes 
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^ of eTentfl, which the progress of cmlization and knowledge 
^ has discovered to belong to the ordinary, and never ceasing 
laws of natui-e. Hence in early ages every striking coinci* 
dence was attributed to the interference of a deity called for* 
tune, or ^by some other name— every remarkable action was 
the effect of magic — every circumstance which could not be 
accounted for by the limited knowledge of the day, a miracle. 
Hence too the term, supernatural, applied to the imaginary 
causes of any extraordinary event. As if any thing could oc- 
cur that was not caused by some law of nature ; or as if we 
have any right to suppose that these can suffer interruption 
i from any ulterior cause. 

i^It is this wonderworking spirit^ whose tendency leads to the 
imagining unexampled and hypothetical causes to account for 
^ every appearance which is but a little removed from those 
^^^ commonly submitted to our observation, that appears to have 
^^^^j^^pired the inventors of most of the theories hitherto pub- 
led, to account for the origin of the appearances presented 
the mineral constitution of our planet. 
3ut for this unfortunate propensity, a better method of 
reasoning from effects up to causes, might have been adopted, 
than has been yet generally introduced into the science of 
geology ; or rather observation would have been more fre- 
quently substituted for reasoning. 

The theoi^ of the globe, which I have hazarded above, 
and which, 1 am aware, requires much ulterior development, 
and perhaps some corrections, to render it generally satisfac- 
tory ; consists simply in the application of those modes of 
operation which nature still employs, on a large scale, in the 
production of fresh mineral masses on the surface of the 
' earth, to explain the origin of those which we find there 
already. 

If, after fair discussion, and with all reasonable allowances, 
it is found adequate to this purpose, its truth will be esta- 
bjiished on the soundest possiole basis — the same upon which 
rests the whole fabric of our knowledge on every subject 
whatsoever, the supposition namely, that the laws of nature 
do not vary, but that similar results always are, have been, 
and will be produced, by similar preceding circumstances. 
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List of known Volcanos in Recent qr Halfitual 

Activity, 
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V Volcanos op Europe and the Adj^aoent Isles. 

Vesuvius. (Kingdom of Naples.) First recorded eruption, 
A. D. 79. by which Herculaneum, Pompeii, and Stabia^ 
were buried. 

Before this epoch it is probable that the eruptions 
took place from the central crater of Somma, which 
formed a single conical mountain. This volcano has 
since experienced a great diversity of phases, and dur- 
ing a period of nearly two centuries, viz. from 1109 to 
1906, remained in a state of complete inactivity. The 
crater at this time contained woods and a few small 
lakes. 

Again there was a century of absolute repose after 
the year 1538. This intermittence was terminated by 
the violent paroxysmal eruption of 1631. 

In 1760 eruptions burst out at once from 15 different 
points of a fissure broken from the summit to the base 
of the mountains-each of these openings vomited lava 
and scorise. The lavas of litis volcano have long con- 
sisted solely of leupitic basalt ; but from the quantity 
of pumice in the conglumeraie strata ofSomma, it is 
probable that they were formerly of a felspathose or 
trachytic composition. The extinct vents of the 
Campi Phlegreei in the immediate vicinity of- Vesuvius 
having almost uniformly produced trachytic lavas, ^cor- 
roborate this opinion. 
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The Monte Nuovo in the Bay of Baiae having been 
thrown up by an eruption in the midst of the Cam pi 
Phlegrsi, so lately as the year 1538, must be counted 
as the site of a volcanic vent recently in activity. A 
considerable warmth is still felt at the bottom of ' 
crater, and very thin vapours escape from some of 
crevices. 

The neighbouring crater of the Solfatara is supposed 
also to have been in eruption in the beginning of the 
13th century. 

Mina. (Sicily.) A volcanic mountain of great size and of 
considerable regularity* It has been habitually ac- 
tive, at least from the earliest historical ages. Its 
slopes are sprinkled with above 70 parasitical cones, 
the product of lateral explosions. The lavas of this 
volcano are of a felspathose basalt, in some cases pass- 
in? into greystone, from the abundance of felspar. 
/They present lijttle variety. , , 

Strbmboli, (Lipart ifil^s.) A small ^nd singuUrly interest- 
ing volcano from the permanence of its phenomena. 
Its lavas are chiefly a very black, dense, and heavy 
. augijfic basali. 

. There are, however, rocks in the island of a very 
felspathose character. 

«V(dcarfo^ (also one of the Lipari isles.) Its known epochs of 
.eruption are in the years 1444, (when large fragments 
are said to have been projected, to a distance of six 
miles;) 1550, 1739, 1775, 1780, and 1786;. The supra- 
marine portioii of this volcanic mountjain exhibits a 
. minor cone with a central ct^ter^ (now in the condi- 
tion of a Solfatara) ri^ifig froai^the cavity of an earlier 
aad very extensive crpiter, hollowed ,out: by some pa- 
roxysmal eruptioA ftom a conical mQUptain of propor- 
tionate dimensions. (See p. 158. fig. 240 

The lavas of Volcano are trftchytic, and some of the 
later currents are completely vitrined. (qbsidian.) 

AH the other Lipari islands are volcaniie, but no 
eruptions are known to have, taken place from them 
within the reach of history. On some points, however, 
of Lipari itself, there still exist hot springs, and ema- 
nations of vapours highly charged with mineral mat- 
ter. The Campo Bianco, a mountain at the eastern 
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extremity of Lipari, i» a larg^ cooe entire)^ composed 
of currents of highly vitreovs vjasicular 9^aidian, mter- 
bedded wilh puoiice* 

Iscbia^-^haviiig jbroken 9ui inerupti^^ fo la^lj as the four- 
teenth century, mu^t be included in tne list of still 
aotive volcanos. In tbe earliept historical times it ap- 
pears to have been subject to frequent apd extremely 
violent phenomena, which more than once destroyed 
or drove awav all the settlers who bad been attracted 
to the island 1l>y its extreme fertility, and delicious cli- 
mate. In figure this island presents a very regular 
volcanic mountain Mudded with parasitical cones. 
Hot springe and sulphureous vapours rise upon differ- 
ent points. Its lavas are very various and beautiful in 
app^rance. All extremely felspa those; greystone, and 
approaching to trachyte. Many are highly porphyri- 
tic; .some^ present knots of pure felspar crystals as 

V large as the fist. Others are marbled, brecciated, &c. 
wi& a mixture of lavas of different mineral composi- 
tion, colour, and grail). The tufas (or felspathose 
conglomerates) with which this island abounds are 
rdHiarkftble fpr their greenish tints ^tbi^h derive pro- 

.bably.frpm the ^bund^ce of augijte in the lavas. 

Santorjlm, in the Grecian Archipelngo, was in eruption in the 
year 1707. The many 9(na^lar.i$land9 and rocks which 
have at differeot known periods-been thrown up in the 
vicinity of tbis pcincipAi isle, may be considered as 
t parantioftl eminences :, of the 3ame .^nbrnarine volcanic 
mountain, aad tbeir pheupmena as proceeding from 
lateral and i^sidiary vents, of the same fundamental 
volcano. 

Milo, though the epochs of its eruptions are unknown, is a 
volcano of recent aspect, having a .very active solfatara 
in its central crater ; ana many sources of boiling wa-* 
ter and steam. 

• • » * 

Iceland contains numerous volcanic mountains, of which the 
foUowiag are habitually active, th|it is^ have repeatedly 
broken out within record; viz. 

Hccla^ whose last eruption dates from }766. 
Krabla. 
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KaMagiaaj which after a qaiescenee of 64 years burst 
out violently in July 182S; the previous paroxysmal 
eruption of 1755 was still more terrible ; immense 
torrents of water caused by the melting of the 
snows, rndied from the mountain and deluged the 
country ^it was accompanied by electrical pheno- 
mena, by which cattle were killed, &c. The erup- 
tion lated a year. 

Eyqjialla Jokul, which after a similar intermittenoe of 
more than a century^s duration, produced a vio- 
lent eruption in December, 1821. The explosions 
lasted till June, 1822, when the mountain opened 
at its base, and gave vent to an immense current 
of lava. 

Eyrefa JokuU This vent has been tranquil since 1720. 

GrirjvDotn. In 1718 an eruption burst forth from a lake 
of this name, probably the crater left by some 
earlier paroxysmal explosion by which the former 
volcanic cone had been wholly blown into the air. 

Skaptaa Jokul and Skaptaa SyfteL Two neighbouring 
volcanos, whence in 1783 a prodigiously violent 
series of eruptive phenomena took place, and 
ravaged a vast extent of country around. The 
lava issued from three sources in the plain, at the 
base of the mountains, distant about eight miles 
from one another, and spreading in concen* 
trie waves deluged a space of more than 1200 
square miles in extent. The pulverulent ejections 
wliich terminated this eruption, lasted a twelve- 
month; during which, the whole atmosphere of 
Iceland was continually darkened by thick clouds 
of ashes. 

Wester Jokuly burst out in 1823, but produced no lava 
current. 

In the year 1000 an eruption occurred from the 
Guldbringe S^feel, a mountain which has been 
tranquil ever since ; another in 1340 near Recki- 
anes. 

In 1583 an eruption was observed at a great distance 
in the sea ; and during the phenomena of Skaptaa 
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Jokbt in 1789) the summit of a cone was raised 
above the sea level by submarine explosions, at a 
distance of thirty miles from the coast. 

Thus the number of volcanqs which have been re- 
cently in activity in Iceland ^amouilts to • eleven or 
twelve. Of these Hecla alone has been for any long 
period in the phase of permanetit or very frequent ac- 
tivity* Thirteen eruptions are recorded of this volcano 
since the year 1137. The last was in 1766 ; since that 
period it nas remained inactive ; and as this last erup- 
tion was preceded by a quiescence of seventy-three 
years, the volcano may be presumed to have passed 
into the phase of long intermittences. 

The whole island of Iceland appears to be of vol- 
canic formation, and every mountain a volcano, either 
active, or temporarily extinct. The island may in fact 
be conceived as a |^reat crust of rocks, both fragmen- 
tary and solid, which has caked above the mouth of a 
va^ subterranean cauldron of heated lava. The steam 
' evolved through the fissures of this crust, gives rise to 
the numerous hot springs for which Iceland is noted. 

Esk, A volcano in the Isle of John Mayen, off the Coast of 
Greenland, was seen in eruption in April, 1818. Pro- 
jections of ashes took place every three or four roi- 
* nutes, and reached a height of 4500 feet. It appears 
that there are other volcanos on the Coast of Grreen- 
land, or at least that there have biien at an earlier 
epoch. 



Volcanos of the African Isles. 

No active volcanos have been recognized in the continent 
of Africa, but the islands which border upon it in either 
ocean are almost exclusively volcanic, and oflfer many vents 
habitually eruptive. 

The Azores are uniformly of volcanic constitution. Si. Michael^ 
the largest island of the group, suffered severely from 
earthquakes in 1810 — 11, until in February Of this last 
year a submarine eruption burst forth two miles from 
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the CMst, ^nd left a shoal on which the sea breaks. Oq 
the 13th of June^ the same year, afl^r other earths 
quakes, another ishiDd was throwp ^f two miles and a 
half bejond the first. This cone contained a crater 
SOO ^t in diameter ; it was 300 feet high above the 
» , sea. Thb island being solely composed (Hfraffmentary 
eJQctjions has been giradually worn away by &e action 
. . of the wayes and currents, and has at length been re- 
duced to a shoal below the water-level. In 1628 a sim i- 
j lar isle was produced, and disappeared from the same 

cause, between Terpeira and San Miguel ; and another 
. . in the. ^ame place in 17gl, which in two years time had 
I been completely levelled.. There are qow eighty &- 

thorns water above the spot where it rose. 
' , ' San Miguel has various volc|inic.c^nes, but none 
. Jbave been in recent activity. It contains, however, 
asolfatata, at Villa Franca; and hot springs, and ema- 
jQiations of sulphuretted hydrogen gas rise jfbom divers 
' . points of the island. 

<E1 Fico^ is a regular volcanic cone 9000 fee^ in h^g&t It 
broke out in eruption in 1718, but hgm been tranquil 
ever since. 

^, ; , The neighbouring island of Sa^i Georgioy Was devas- 
\ ' tated in 1808, by an eruption from the centre of the 
island. 

The island of FayalhBS also a very regular crater in 
its centre, which was in activity in the year 1673. 

The lavas of the Azores are chiefly trachytic. ' 

« 

The Canaries are likewise solely of volcanic origin. 

The Peak of Temr^e is amongst these the most celebrated as 
beinjg of immense size, and reaching aheight of 12,140 
feet. The highest peak has, however, been inactive 
ever since the island has been inhabited, and the erup* 
tions of the volcano have taken place from lateral 
vents and chiefly from the crater of Chahorra. The 
last paroxysm ia 1768 was preceded by a quiescence of 
ninety- three years. It lasted three months*^ Accord- 
ing to Cordier, the scoriae projected at this time occu- 
pied from twelve to fifteen seconds in falling from their 
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extreme height to the grovnd i and hence would ap- 
pear to have reached an altitude of above '3000 feet. 

In 1706 a current of lava, which filled the harbour 
of Garachico, was observed to flow to a* distance of 
eighteen miles in six hours* The lavas of the Peak . 

consist of ti;a€bjte. . % 

P^Uma^ a visry rej^ular tbtttcal niOtftifaitt, prodndjed fit violent . 

ei^uptioti from a- lateral vetit lA the yettt 1358. The - 
lavalreached the sea, aM by heating it killed qilantities ^ 

• offish. In^ 1646 and 1677 new Vents W^re formed, and 
' eruptions of considerable magnitude took place. 

Lancerote. This island was the scene of the most terrific vol- 
.canic phenomena, in the year 17S0. . It appears from 
the accounts collected on the spot by M. De Buch, that 
during the &pace of three years continual eruptions 
were taking place from numerous vents consecutively 
opened upon One Hpe stretching directly across the 
island. A great part of its surface was deluged by 
lava currents, and the remainder buried under snowers 
of 8coi1» ^nd ashes* .TheqMuntity of these - fragmen- 
tary ejections hl^ been, favourable to . the fertifitjr of 
the islaild; for when the afiVighted inhabitants, who 
had fled to the neighbouring isle of Fuertaventura, 
returned, they found a soil far richer than that they 
had left, and were enabled to cultivate the vine which . 
they had not previously done. During this period, ' 
explosions and jets of scoriae and smoke tooK place 
from the sea, numerous fish were killed, which floated 
on the surface, together with masses of pumice ; and a '^ 

pyramidal rock rose above the water-level, which was 
afterwards united to the island by the accumulation of 
new matter. The lava« of Lancerbte are basaltic. 

Ferro. A volcano on thi^ island broke forth in the year \ 
1677 : and again produced an eruption of six week's 
duration in 1693. 

Fuego, one of the Cape Verd Islands. The oflier islands of 
the group are equally of a volcanic constitution ; as 
also are those of Fernando Po, and Prince's Island, 
in the Bight of Biafra. 

Ascension island has been mentioned by some writers as an 
active volcano; but though entirely volcanic, and of 
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a firesli aspect, the epochs of its eruptions ard unre« 
corded. 

Bourbon. The principal and central volcanic mountain of 
»k this islanci, which constitutes the greater part of its 

mass, has been apparently long extinct. A smaller and 
very regular ppne rises on the 6<^utb} within a cireukr 
^ range of clifis, the walls of a vast and ancient crater. 

^ ' This volcano hasbeen in almost constant external ac- 

tivity since the earliest colonization pf the island. M. 
Hubert, who has observed its pl^enoqsena since the 
year 1760, asserts, that it has been in violent eruption 
at least twice in every year during this period. The 
phenomena of this interesting volcano have I^en dwelt 
on at length in the body of the above worl^. Its lavas 
are partly trachyte and partly basalt^ 

In Madagascar a volcano is said to exist, but we possess no 
correct account of its situation or conduct. 

:Zibbehtdr. An active volcano vras seen by Brnce, in the 
island of this name, in the Red Sea. It had four 
apertures which launched forth smoke and flames, 
(scoris.) 
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In Greenland a volcano exists, \yhich appears to have been in 
eruption in June, |783, at the same period as the 
Skaptar Jokul in Iceland. 

One was observed by Cook at the extremity of the 
promontary o(Alaska,on the N- W. coast, which, with 
two more to the N. E. of this point, remarked by him- 
self and by La Peyrouse in pictivity, form the prolon- 
gation of the volcanic chain of thp Aleutian isles. 

A volcano is mentioned also by La Perouse in lat. 
41. north of Cape Menc^ocino. Five are reported to 
exist in California. 
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of Mexicoj Ouatimalaj Src. 253 

Mexico contains five, viz. 

• 

Colima^ which was observed in eruption by Danipier, 
who describes it as having two mouths, both in 
activitj at the same time. It is a mountain of im- 
mense bulk, and nearly 10,000 feet in height. 

PopoaHepeCy is above 16,000 feet hifi^h, and appears to 
be at present in permanent activity ; though it is 
known to have oeen quiescent for a long period 
previous to the year 1590, when it burst out into 
violent eruption. 

Orisaba is a volcanic mountain, also above 16,000 feet 
in height. No eruptions have been recently re- 
marked from this vent. 

Tuxthj S. E. of Vera Cruz, broke out in 1793. The . 
ashes were transported as far as Perote, a distance 
of fifty-seven leagues in a straight line. 

Xorulh. An account of the remarkable eruption of 
this volcano, in 1759, is given in No. 2. of the 
Appendix. 
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M. de Humboldt remarks that these volcanic vents of 
Mexico are ranged alons a line perpendicular to the 
axis of the great Cordilleras. They appear therefore 
to have been produced from a tramversCf instead of a 
longitudinal or parallel fissure. 

In the Provinces of Guatimala and Nicaragua a line of active 
volcanic vents runs parallel to the axis of thje Cordil- 
leras. Those which nave been reported as occasionally 
in eruption amount to twenty-one. Their names are, 
as given by Humboldt, Sonusco, Sacatepec, jtiamilpas, 
Atitlan, Fuegos de Guatimala, Acatinan^o, Sunil, 

"^ Tolima, Isalco, Sacatecoluca near the Rio del Empa, 
San Vicente, Traapa, Besotlen, Cocivina, Viego, 
Momotombo, Talica near San Leon di Nicaragua, 
Granada, Bombaeho, Papagallo, and Barua. 

The Province of Grenada in S. America contains the volcanos 
of SotarUf PuracCy PastOy and Rio Frugua. 

The Province of Los Pastos, those of Cumbaly Chiles^ and 
AzufraL 
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S54 Volcanos of Quito. Peru, md Chili. 

The principal volcanos of Quito are the 

Antisanoj which rises above 18,000 feet above the 
sea. Itlias been tranquil since 1590. 

Rucupichinca^ which was in activity in 1660. 

Cotopaxij was observed in eruption by Bouguer and La Con- ' 
damine in 1742. The projections pf incandescent ^ 
scoriaB reached a height of more thai? 3000 feet above jf 
the summit of the mountain.. 

The melting of the snow, occasioned a terrific deluge 
which devastated the plains below, and destroyed 800 
persons. 

The eruptions of 1743 and 1744 were still more 
disastrous. 

. The French Savans remarked that Ike great paroxys- 
mal explosion of this mountain, which happened in 
1583, launched blocks of pumice containing from 300 
to 350 cubic feet, to a distance of nine and ten milea^ 

Tung^ragua^ which burst out in 1641. * ^^ 

Sangay. This volcano has been in constant activity smG^P 
the year Z728. 

Chimborazo is an immense trachytic dome, which, however, 
* has never beea remarked in eruption. 

Carguairazo^ which in 1698 vomited a prodigious quantity of 
quhI^ or water mixed with trachytic a^es, covering a^ 
surface of eighteen square leagues with this substance 
which the natives call Moya. 

3ut one active volcano, that otArequipa, is known in Peru. 

The volcanos of Chili are very numerous. They foUowihS^ 
.direction of the Andes. fTheir eruptions ba^c 
frequently observed to coincide in time with t^^jk^ 
quakes by which this country is often d^selatedTpMieir 
names are given as the mountains of Copiapo^ 
Coqmmbo^ Ghoapa^ Aconeagua^ Santiago^ Peteroa^ 
Chilian^ Tucapel^ Callaquij Chinal^ ViUa'tica^ Votuco, 
ffuaunaucttf Ojorna^ Jluaiteca^ and San Clemente. 
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Volcano^ of the Leicwari Isles. 255 

VoLCANOS IN THE IsLANDS DePBNOENT ON AmBRICA. 

The Leeward Isles are in great part of volcanic constitution. 
An eruption occurred in SL Vinceni's in 1718. It 
commenced with the violent shock of an earthquake, 
and was accompanied by a hurricane. Ashes obscured 
the air for a Ions period, and fell at a distance of 130^ 

b leagues. The detonations were heard to the same 

C distance. 

Another eruption broke forth from the same crater, 

^ which had remained since the last in the state of a 

soufiriere, in 1813, preceded by upwards of SOO earth- 
quake shocks felt during the course of a twelvemonth. 
It began by one violent explosion, projecting an im- 
mense column of ashes into the air to a great height.' 
After four days incandescent scorias were first observed^ 
and immediately afterwards the lava flowed out in 
streams. Earthquakes preceded the expulsion of the 
' lava. After this had ceased to issue,, the detonations 
continued for twelve hours diminishing gradually in 
yiolencei, till they terQiinated entirely. 

The island of Grenada contains on extinct crater, and nume- 
rous springs of boilins" water, whence it may be con- 
cluded 4hat the epoch of its eruptions is not very 
remote. 

St.Lncia has a very active solfatara^ and springs of hot water 
and steam. 

The volcano of Guadaloupe was in eruption Jn 1797, bjit its 
phftBomena were confined to the prelection of ashes, 
pumice-stones, and siilphttreous vapours. 

Nevisy Montserrat, and St. Christopher's, all contain solfataras 
in full activity. Martintco, Domin]Co,.and St, Eustace 
exhibit numeroas craters, and some sources of boiling 
water. 

The lavas of the Leeward Isles present varieties 
both of trachyte and basalt; 

The group of the Aleutian Isles, which may be reckoned as a 
-dependance of America, contains, it is said, six volcanos 
in activity; viz. Kanaga, Tatavan^a, Oominga, 



2SG Voleanos of Asia. 

Oonalaska, Omnak, and Ourimak. The last burst 
out with violence in 18S0. 

The duster of RcoUlagigedo is wholly yolcanic ; but no erup- 
tions have been mentioned from them. 

V 

Trinity Isle, in lat. 56, at some distance from the coast 
of America, contains a volcanic mountain^ ^phich has 
been seen in eruption by many navigators. 
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The Continent of Asia contains no active voleanos of 
which any certain accounts have been collected, with the 
exception of those which are found in Kamskatcka. 

Mount Elburus, in Persia, the highest peak of the Caucasian 
^ range, is often cited as a volcano ; on what authority 
I know not. Another has been supposed to exist north 
of Irak, in the province of Khorasan. 

The Mountains of Tourfan and Bisch-Balikh, which form 

part of the great Altai chain of Central Asia have been 

lately reported to send forth continually flames, 

. smoke, and ammoniadal vapours. They are probably 

therefore in the state of solfatara. 

The Peninsula of Kamskatcka appears to be in great part the 
product of volcanic eruptions. Those vents wnich re- 
main in activity, are the mountains of 

AwcUscba ; its most terrific eruption of which any notice 
has been preserved occui^ in 1737. Itwasacc^ 
panted by a violent earthquake, and extraordii,, 
agitation of the sea, wnich invaded and. ini 
dated the land. An eruption happened in 1779, 
when Captain Clerk visited the coast. Another 
volcano is mentioned by Captain Clerk, in the 
same neighbourhood ; and a third called 

Apalsloi^ has recently emitted much smoke from its 
summit. 

Two voleanos called Shecelutsch and Joupanowskaia 
are mentioned by Auteroche. Another, the 

Kamskatkoi Sopka, is of immense height. Since 
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Volcanos of th e Asiatic Islands. 95n 

17S8 it has produced frequent eruptions of consi- 
derable magnitude. By some of these the country 
has been covered with ashes in a radius of SOO 
versts round the volcano. 

The neighbouring volcano of Tolbatschink constantly 
smokes. It was in violent activity in 1739. 

Bfany other conical volcanic mountains, with craters, 
&c. are met with in Karoskatcha, which have not, 
however, been recently in eruption. The whole pro- 
montory is subject to frequent earthquakes, and hot 
springs are common* 



The Kurile chain of Isles is a prolongation of the volcanic 
range of Kamskatcka, and appears to consist of a train 
of volcanic mountains, of which many are still occa- 
sionally subject to eruption, viz. 

Alaidf an idand about twenty miles south of Cape 
Lopatka, which burst out in eruption in the year 
1793 ; and has emitted smoke ever since^ 

Tkamut; Tskirifikutan ; Rachkoke; Mutovcy and 
Etorpu. 

The Japanese IAvlhAa contain ten occasionally active volcanic 
vents, of which three occur in the princioal i^te^ 
Niphon. Their eruptions are described by Kasmpfer 
as extremely violent and destructive* 

Sulphur Islandf in the Loo-cboo ArcbipeWo, emitted an 
abundance of sulphureous vapour wben the Lyra, 
Captain Hall, passed it in 1816. 



The Polynesian Archipelago, which seems to owe its exis- 
tence principally to volcanic action, contains numerous spi- 
i^cles in frequent activity. It is to be rcj^retted, however, 
that we have not more dietailed and scientific accounts of the 
^tmtural phenomena and productions of this interesting quarter 
of the globe. 

n 



9$8 Volconos of PobfneHa. 

Amopgst th/D Phi^ppiue ialaiids^ MaaiUa is MJ^ to contain 
. Dtunerous voipan<)3. Mindao one« Mindanao pro- 
duced a violeot eruption in 17fi4, which ^rewed the 
neighbouring country with fragmentary matter several 
feet in depth, and drove the greater numt>er of inhabi- 
tants to emigration. 

In the diitrict of Kalagan is a'Volcaii«c> mountain in 
the state of solfatara. 

Borneo^ according Mo many audiors, contains some -v^anos ; 
b«t their precise situatiotn is n«t kiiowQ. 

4 ' ' 

Barren Island^ has a very active vtnt in <Diitinti|il efuption. 
It launches into the air to a great distance rocks of 
several tons weight. 

The Moluccas aboujid with volcanos. One of tj^^ni^ Sorca.* 
was the scene of a treihendous eruptic^i in |Q93* 

The Peak of Ternate ejects pUmice in vast quanti^.. 

Moiin was siubj^t to ft gr^at eraptipn befare Qapt. .Forrest's 
arriival in 1778« An4 A tDrri/ifi i^oAutaotioA of the vol- 
cano ^Q4>unapi m tbo wte^Qf fiaodai Mme years ago 
ravaged the whpje island. 4^^^®^ eri^^ion took 
place from the same vent tii IS20, whlph ^projected 
fragments as large as the houses of the natives to a 
height equal to that of the mountain itself. 

Temaie presents one actiire month. Tidor^ another. 

Celebes is said to contain a great many. 

Sanguir, between Mindanao and Celebes has one of ih^ 
- largest volcanos of the glofoe« 

« 

Tomboro in the Isle of Sumbawa gave vent to a terrific erup- 
tion in July, 1815. it commenced with subterranean 
detonations which were heard at Sumatra, 970 miles 
distant in a stra^ht line, wd w.^re i^ig^i^^^n for ^he 
firing of njuskeiry, 4^^^^ wcr? fiftrrip^ tp O^stus^ 
and Java 300 miles off/ if sucl^: ap^tijly^ ^s. j(p,pl)acMf^ 
the air there. The 3ea rosp twefv^ foi^ higher ihm i% 
ever di4 before, a^d a hurrj^^ip^ ^ccoa^f^^iji^ tb<^ #at 
plosions, and did much injury. 



Volc^nos of PoljfijLes^t. !^ 

FT^reSy Daumeriy and another 9inall iala^d between . Tm^ 
and CeraiD, contain es^^li of them, ix, volcano, in occa* 
sional activity. 

Jmi^ is thickly sprinkled with yolcanos, which are ranged iii 
straight lines along the island. The foUpwing is a 
list of their names, and the dates of their last eruptions ; 

Salah •••••• 1761 .^..Eruption* 

» 

Tankuban. • • 1804 • • • .Sulphureous vapours. 

Guntur • . • • . 1807^.. • Eruption. 

Gagak 1807 • • • . Partial eruption. 

Chermai • . • • 1805 • . • • Eruption. 

Lawn 1806 • . • • Sulphureous vapours. 

Aijuna, 10)614 feet in Iieight, emits s^ coqstant c^ 
lumn of smoke. 

Dasar. ...••• 1804 • • • • Eruption, 

liamongan • • • 1806< • • • Idem. 

Tashem 1796. • • .Idem. 

Klut 1785.. ..Idem. 

The Mountain of Galoen-gong, which had never been reputed 
volcanic, broke out with terrific violence in October 
1823. The eruption began with a tremendous burst, 
which sent up a column of stones and ashes that dar- 
kened the whole sky. The lava deluged a vast extent 
of surface. 2000 persons were destroyed. 

The Mountain called Pajandayang had been one of the high- 
est volcanos of Java, when between the 11th and iStfi 
of August, 1772, a violent explosion blew up tjhfs 
whole of its substance, and replaced it hy a cavity 
meaaoring fifteen miles by six. 

Sumatra contains, according to Marsden, four active volcanos. 
It is probable that more wiU be hereafter recognised 
there. The inhabitants are alarmed when these vents 
are tran<juil for any length of time, as they have found 
by experience that such intermittences of the volcanic 
phenomena are sure to be succeeded by violent earth- 
quakes, from which they suffer severely. 

b2 



860 Volcanos of Polynesia. 

Two YolcanoR were observed in eruption by Dampier in 
New Guineoy in the year 1700; and at the entrance of 
the straights which separate this island from New 
Britain is an insular volcano seen in eruption succes- 
sively by Dampier, and Le Maire and Schouten, and 
D'Entrecausteaux. 

Two volcanos were observed by Cartaret amongst the Duke 
of York's and Queen Charlotte fsle^ ; and two others 
by Forster in the group of the New Hebrides. One of 
them, Tanna, was seen in eruption by Cook, 1774 ; and> 
by D'Entrecasteaux in 1793. 

The Marianne isles are said to contain nine volcanos in habi- 
* tual activity. 

Tofooa, one of the Friendly Isles, has been seen in eruption 
by various navigators ; as also Mouna-roa, a mountain 
of Owyhee in the Sandwich Isles. 

« < . 
Amsterdam Island is another 'volcano, which has been ob- 
served in agitation by all who bave visited'it. 

Volcanic eruptions are said to have been remarked from a 
mounl;iin in one of the islands lately discovered by 
Russian navi<;ator?, between New GeOrgio and Sand- 
wich Land ; as well as from another peak within Sand- 
wich Land itself. 



The volcanos mentioned in this list amount to upwards 
of a hundred and seventy: but the accounts that have 
been collected of some are very vague ; and while, for the 
reasons stated in the early part of this woirk, it. may be pre- 
sumed that many more volcanic mountains exist in occasional 
activity, it is obvious that many which have l>een long extinct 
are of course liable to be again restored to activity by the 
combination of influ^tial circumstanees. 



APPENDIX, No. 2. 



On the Eruption ofJorullo in Mexico, 



It has been asserted in the early part of this work, that the 
accounts which we possess of tLe phenomena of volcanic 
eruptions as observed in all parts of the globe by different eye 
witnesses, present a remarluible uniformity of character; and 
that, when- due allowance is made for mistakes arisioff from 
jthe misuse or misunderstanding of terms, and for tne ex* 
aggerations into which observers would be naturally- led by 
the terrific nature of the phenomena, thev are found to offer 
few other variations than what depend on the degree of 
energy displayed. 

I am not, indeed, aware of any exception to this uniform 
concordance, but that of the remarkable phenomena which are 
described by M. de Humboldt, as having taken place during 
the eruption of the volcano of Joruilo in Mexico, in the year 
1759. The singularity of this account is so great, that it 
will be well worth while to give up a few pages to its exami- 
nation.* 

Previous to 1759 it appears that the plain from which 
Joruilo now rises, presented traces of former volcanjzation ; 
its soil'bein^ composed of tufa ; and the neighbouripg moun- 
tains consisting of trachyte and basalt. In September of that 
year, a violent series of eruptions took place, of which M. de 
Humboldt distinguishes the results in tne following order. 



* See Essai Gec^ostique, p. 351. JBasai politique 9ur U Nouvelle 
Espagne, vol i. p. 851. 
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1st. The production of six volcanic cones, composed of 
scoriae and fragmentary lava* 

Sdly. That of a promontory of basaltic lava proceeding 
from the summit of the largest of these cones (Jorullo), 
which still emits wreaths of vapour from the interior 
of its crater. 

Sdly. The elevafipn ifa a convex form t>f the plain (four 
square miles in superficial extent) upon which the 
cones were thrown up, and the centre of which is 
occupied by the largest (Jorullo), at whose base the 
plain is higher by 550 feet than without the limits of 
this space. The plain, which M. de Humboldt calls 
<^ iin terrain botnb& en forme de vessie," and the con- 
vexity of which he attributes to inflation from below^ 
is represented as closely sprinkled with thousands of 
flattish conical hillocks, from six to nine feet high, 
formed of basaltic balls, separating into concentric 
kaves, imbedded in a black clay. These hillodks^ as 
well a^ some large fissures whtch traverse the inter- 
mediate plain, act as so many fumarole^ giving out 
- 'thick clouds of aqueous Vapour combined with sul- 
phuric acid,\and at a very high temperature. 

Ttie two first mentioned products of this eruption are of 
ordinary occnrrewce, and testify that at least for the greater 
part the volcanic action took emect here in the usual otode* 

The phenomena of the 3d class are remarkable, aod de- 
serving of the greatest consideration, as appearing at first 
sight to differ materially from any hitherto observed, aod as 
referred for this reason by M. de Humboldt to a mode of vol^- 
canic 'Action invited by him for the occasion, and of which 
no other recorded eruption has ever afforded a pamilel. 

And her^, with the utmost respect for the great talents of 
this first of scientific travellers, and giving all due weight to 
the impf^ssnoH which appears to have been made upon him on 
the spot, I own my seff still unable to coincide in nis opinioa 
as to thiE^ mode of formation of this remarkable plain. And 
this for the two follo^ving reasons. 

Ist. In the first place, the appearances presented can be 
without the least difiiculty explained by the ordinary 
mode of operation of volcahos. In which case we arc 
bound to distoiiss one saextraordjUBry and imaaralleled 
as that brought forward for the parpose by M. de 



'^ to thd ifhat^ilMriidn, it would be unwarrantable to pek*- 
severe itf, 

• • • * 

. ' Sdly. AU the supplementarj arguments which Sl. ae V(. 
adduces^ are com|)letely invalid, and instead of sup- 
porting his theory ^athar tell agaiost it^ aa will be 
. proved -directly. 

I. What are the positive facts wtih which we Art ftcqtfaitited 
relative to this eruption, divested of all theoretical asstimp* 
tibhs? 

' In the month of September, 1759, prodigious volcanit etop^ 
iions took place from six different openings, arranged on a 
^Itigle line of very little extent, upon the Mexican plateau. 
Their fragmentary projections produced six large vokanic 
t;oties ♦ the central one being 1700 feet in height'. A massive 
current of lava projects ftora the side of this fast hill, having 
Evidently flowed out of the crater at its summit. If any lava 
currents were produced by the apertures marked by the other 
cones, they do not shew themselves ; but the plain from which- 
these hills rise exhibits 'a great in^tumescence, or convexity 
of surface. Its superficial .soil consists of horizontal layers 
of a black clay, in which augite erVstals kre ihickly dissemi- 
nated. The same clay, but enveloping concentric balls of 
basalty composes the numerous little hollow conical pro* 
tuberances, (or bubbles), with which the surface of the plain 
is ^rinkled. 

IVow on comparing these appearances with those which 
result from ordinary volcanic eruptione, little other difierencc 
is perceivslble than that the quantity of lava produced, or at 
least remaining visible, bears but a very small proportion to 
the vfoletice of the eruptions, and the immense quantity of 
scoriae thrown out. It seems extraordinary also that but one 
tout df six cones should have given rise to a lava current. 
Hence a suspicion arises that a greater quantity of lava was 
in fact emitted, but that it is concealed by the sprinkling of 
triturated scoriae or volcanic sand, which these large cones 
must have thrown out during the latter period of their 
eruptions. 

In this manner the lava currents produced by the eruption 
of Vesuvius in October, 1822, lie at this moment covered to 
a depth of from two to ten feet by the finer fragmentary sub- 
stances ejected by the volcano during the last days of its 
paroxysfD. And what renders the analogy still more striking, 
these ashesy which, from the fineness of their comininution 



mixed into a refjsnkive fNuite with the torriots 'o£ f tin that 

iminediaielv followed the eruptiooy present the appearance 

of strata of a black cla^y precisely like those described by M« 

de Humboldt, as forming the surface of the plain of Malpais. 

The convexity of this plain is therefore most naturs^]y 

accounted for by supposing it to form the surface of a great 

bed of lava, resulting from the union of different currents, 

which, owing to the previous flatness of the snr&ce on which 

they were poured forth, their simultaneous emission in gneat 

abundance from so many neia;hbouring orifices, and their very 

low decree of liquidity,* united into a sort of pool or lake of 

lava, wnich spread itself on all sides with great reluctance, 

and therefore would necessarily remain thickest and deepest 

where the lava was produced in greatest abundance, diminish* 

ing in bulk from thence towards the limits of the space it 

covered ; i. e. would assume precisely the convexity of form 

peculiar to Malpais. The subsequent projections of loose 

and pulverulent matter from the six craters, and principally 

from JoruUo, will have increased that convexity, covering jt 

with strata of volcanic ashes and augite crystals, which were 

reduced to the appearance of a black clay by mixtuie with 

jrain water. 

- The fact that the only visible lava current proceeds from 
the crater of Jorullo, is a strong confirmation of this opinion; 
£ince it is at once obvious why this is seen, while those that 
may have been emitted previous to the formation of the other 
cones are concealed ; and it becomes also probable that this 
promontory of lava is merely one extremity of the current of 
Jorullo, which dipping under the strata of ashes, probably 
unites with the streams proceeding from the other apertures 
to form the substratum of the whole convex plain. 

Thus there is no difficulty in accounting for the convexity 
of the plain of Malpais by the effects of the most ordinary 
volcanic phenomena; let us see whether this supposition 
will explain the other remarkable appearances it is said to 
exhibit. 

And here a fact recorded by M. de Humboldt himself not 
only tends to confirm, but may be almost said to prove, the 
correctness of the view I have taken of the nature of the 
plain. He says that in 1780 the temperature of the fissures 
which penetrate the surface of the plain and its hillocks, was 
so high, that a cigar might be lighted by plunging it to the 

* The very coarse grain of the lava of Jorullo {Doleriie^ Humboldt) ivar- 
rants this assumption of its extremely imperfect liquidity. 



4cfitli olafew k|d>^ >Pto~t)i^iiif ^^ow I Ihuili it in^p^aiblte 
to account for thia withoiit aljlowip^rr (.1^ wl^ole^ pli|i|l fo ba v<$ 
confuted of lava |n a st^tc^ of incfindeBpepifse.iiiiinedjatels 
bepeath ita outer priist | a ctr^npitttaac^ to)^'€i|y)ecte4}.^Y 
8Q muQh as 20 years after its emission,; ip a bp4 of hya, {qctrct 
than 500 feet in tbickj^s, since Hamilton pliserved^ of qniei pf 
the smaller c|inrent8>4^£' Vesuvius, tbat thr^e ]^ears after it; 
productioui a stick qiight be inflamed by t^irusting it into pnf^ 
of the crevices of the jrock. 

^. It remains only to account for the formation pftbp small 
billocks (homitps) with whicl^ the surface pf" the plain is 
thickly studded^ And here I roust again have recourse to tb|t 
results of the highly instructive eruption which took placj^ 
JGrom Vesuvius in October 1882. ^ /.,' . 

All lava currents are well knpwn both during their pro- 
gress, and for a long time, often indeed many years after w^rds^ 
to disengage torrents of aqueous an4 sulphureous vapour. 
If these are produced on. any point jn considerable qiiantity^ 
while the superficial lava is yet soft, their expansion raise;) 
up a portion of this into a small dome or bubble, which son^e* 
times remains entire, at others it is broken through, leaying 
the tattered fragments of lava that separate to give passage t<| 
the vapour, in an upright position from their sudden conge- 
lation** This process is in fact . one of the causes of the ^^J 
merous asperities that bristle the surface of most currents, 
When, however, a deep coating of ashes has subsequently 
fallen on this surface, its smaller roughnesses are effaced, and 
the larger protuberances alone shew themselves in the form 
of small dome-shaped or sub-conical hillocks, which continue, 
through varioi^ crevices, to give a passage to the vapours by 
which they were at first thrown up. Many such hillock^ 
rising five or six feet above the average level of the surface, 
existed in the spring of 1833, on the Vesuvian lava currents 
above-mentioned, and sent forth copious columns of vapour, 
|>reeisely of the same nature as tbat of the HamUos of M. de 
Humboldt; while other fissures intersecting the intervening 
jsurfiice of the sipall plain formed by the lava on the Peda* 
mentina, gave out similar vapours, presenting on a small 
scale the identical phenomena for which Malpais has been so 
long .eelebrated*+ 

* See Brieslak. Institations Geologtques, i. p. 251. 

f That the eruptions of Jorullo threw up a prodigious quantity of vol- 
canic ashes, is ertoent from the fact recorded hy M. de Unmbofait, that the 
rooCs of the houses at Quereiaro, 144 miles dbtant in a straight line, were 
thickly covered with them ! 
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WMM tM fj^tftAy" ^f 9LBm'\i&^Miii ^ IhVa Md, md 
tiiixed iib iikto li p^i^ With rMn wAt^, ^# j^&t, As dbjp^M 
<fohiiv6 been fhe.t^se on tild Atklfiafs, it is prdbabte tfiat 
littttierotid hiHdcli^ "iH this kittd Will Kavd heen ibrfi^d bj ihd 
Intuiti^^c^ett t>f this semi-liquid Substance alOtie Mb6Ve ^be 
tiiiii&role of the laVfc;| ^^^ ^^^ mobility of pkHa oeeasiMired 
by this process, fiivoitring the action of the cbhcteiMikif 
fi)it^, probably gave, rise ib the a^lonletattbilr 0f tht^ clay 
i^to the foliated and concentric balls, of wh?eh thd hormtoi 
partly consist. At Pont dti (^hateau^ in Anvei^gtre^ is in bx- 
amt)le of ev6n A very coafse calcareo^vokaiiio con^l6tteerat^ 
having assumed this precise variety ofconcretjohaty striKiture; 
Imd I susjiect, from their being imbedded in the black t^lay, 
and consisting of a fine-srained rock very diflfereht from the 
DakrHic basalt of Jorullo, that the globular cob^etions of 
the Hornitos are not a true basalt, but m^ely hardened 
liodtllaf balls of volcaiiic ashes. They are, in fact, described 
by M. de liumboldt Bsjftragile and easily crumbled^ and totally 
diflfereht from the syenitic lava of the current of Jorullo. 

rt remaitis only to notice the supplementary facts produced 
by M. de Humboldt in support of the explanation he adopts 
&f the appearances of Maipais, which I conceive tend much 
thore strongly to confirm the opinion of its being merely the 
surface of a sreat bed of lava, which, up to the period of 
M. de Humboldt's visit, retained much of lis internal heat. 

' These confirmatory facts are, 

1. Tlie noise made by the steps of a horse upon the plain. 

$. 'The frequent formation of cracks or fissures acroiss the 
plain, and the occasional occurrence of partial sub- 
sidences. 

3. That two rivers, the Cuitimba and San Pedro, lose them- 
selves below the eastern extremity of the plain, and 
re«*appear as hot springs (at 5S° cent.) at its western 

limit. 

«... 

1. With regard to the firat •mentioned cftcumstanee, vis. 
the sound produced when the siiiface 0f the plain is struck 
by the hoofs of a horse, or, I presume, in any other mode of 



^a^^M.Mal*a~MrtiWMa>Mi*MIHWMa*i 



$ *♦ The Hornitos arie hoUow. When a mule steps upon them they break 
inJ*'—Humboldi, 
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petcusBiotai it is etidtatly the isme pheDom^Aon cff ^e oe iHb era * 
Icon, ta which the iDhDo-^phoneulieal tevni rianbosmho is so ipell 
applied in Italj, and which bya vvlgar error is often tuppated 
to indicate a greai caritj below the spot so resoundfaig when 
struck. It is perfeeUy tme that the roof of every laif^e cavity- 
does, under certain circanistanoes^ offer the same jdienc^taranon ; 
but the converse of this is by no means tiriie 9 and ta produce 
this effect it is enough Aat the soiisboulQ be of 16oise, lifi^ht, 
and porous materials^ so as to contain nuHierous small cavities 
0r intersticesi Not only the bottcmi of the crater, but the 
external slop^ of every volcanic eone^ and every tiAt spot 
however distant from any volcanic orifice, which has a mode- 
rate coating of fragmentary scoriae or volcanic ashes^ returns 
thii sound on jpeicussion. Not only the sides of Vesuvius, 
biit the whole surface of the Campagna di Roma, and the 
Terra di Lavoro, must be suspended over a yawning gUlph, if 
thift (Aenomenon is a suflS^ctent proof x)f such a position. 
'■ But even all tnade ground returns a more or less sonorous 
reverberation wh^ struck sharply, and the causes which pro- 
duce this effect are well known to natural philosophers. This 
sound would therefore be produced iti the case of Malpais, as 
natumlly by a superficial toating of volcanic ashes as oy any 
vast, cavity, did such indted exist, underneath. 

2. The frequent formation of cracks and fissures across the 
plaiti, far from proving the existence of such a subterranean 
gulph, is a circumstance which accompanies the cooling and 
consolidation of every bed of lava ; and as these crevices are 
formed only in the lava (contracting ks it coligeals) it is to 
be expected that local subsidences must often take place in 
the coating of volcanic ashes or black i^lay, immediately above 
ilie defts. The washing 6f this clay by rains into the fissmres 
of the lava bed beneath, is another probable cause of s^iich 
subsidences ; much more probable 1 should conceive than the 
supposition of a natural arched cavity or bubble^ four square 
miles in extent. 

3* A further confirmation of the 'existence of a bed of lava 
beneath the plain of Malpais ki obtaitaed froln the disappear- 
ance of two rivers beneath its surface; for this accident ne- 
cessarily results in the iristance of all lava currents which 
have occupied the bed 6f a river; in consequence of the 
numerous fissures with which they are penetrated, but par- 
ticularly of the bed of loose and cellular scorisB on which they 
invariably rest. This phenomenon occurs in repeated in- 
stances in Auverfi:ne. Wherever a bed of lava fills the bottom 
of a valley, the river or torrent which drains the valley, diti- 



appeurs. bdoir ihe opper eortreoiitv ^ the laYa4ied, aad 
filtering through ilie intei^Btiees of tbescorifls which uaiver* 
sally form its substratum^ reappears in copioiis springs at. the 
lowar extremity or termioation of the lava current. So long 
as the lava retains a venr exalted temperature in its interior^ 
the water percolating beneath it must, be! proportionately 
heated ; ana that this was the case with regard to the lava 
I;»ed of Malpais at the time of At. de Hnmboldfs visit was 
proved by the numerous fumarole on ita surfooe. Hence it 
was to be. expected that the rivers Cuitimba and San Pedro, 
which find their way beneath it, should have had their tem* 
peratore raised before they issued asain into the air at the 
opposite extremity of the superinducea lava-bed. 
. The noise heard on approaching the ear to any of the 
hillocks (hornitos) resembling that of a cascade, and wbick is 
by M. de Humboldt attributed to the rivers flowing througfi 
the hollow gulph below, is far more probably owing to the 
currents of elastic ^ vapour rushing throup;h the fissures by 
which they find a vent. A. similar sound is produced by the 
rise of carbonic acid through the little cones of the mud vol- 
canos of Maccaluba in Sicily ; and I. have also observed a 
rushing sound of the same nature to be produced by every 
^powerful fumarola of the lava currents of Vesuvius. 
' M. de Humboldt mentions himself that the heat of .the 
ffornitos decreases every year ; and I have the authority of 
Mr. Bullock, junior, who visited the spot a short time back, 
fior the fact that they have now ceaaed almost entirely to emit 
vapoiir, and that the hot i^prings are reduced to a very low 
temperature, evidently from the congelation of the subjacent 
bed of lava. This evidence is absolutely conclusive as to the 
eorjrectness of the opinions advocated here on the nature of 
the plain of Malpais, 
•'.■'. 

I have given thus much space to the landeavour to reconcile 
the phenomena presented by this plain to the ordinarjr and 
ifrell known modes of volcanic agen<;y, because the opinion 
expressed by M. de Humboldt of its surface having been raised 
by intumescence iii the manner of an enormous bladder or 
bubble, (of four square miles in extent I) and covered by an 
effort of the same extraordinary and incomprehensible nature 
with thousands of small basaltic cones, each owing to a similar 
jprocess, has been generally received by Geologists as an 
•ascertained fact, and made the basis of further and still more 
'Strange hypotheses for the purpose of explaining the origin of 
the dome-shaped mountains of .frequent occurrence ib. Tr^* 
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ehjtic cbuntries, and the still more coiiiinon conical peaks of 
basalt. 

If, from the reasons adduced above, it appears most pn>- 
baUe that the convexity of the plain of Malpais is simply 
o.wing to its forming the surface of a massive subjacent bed 
of lava emitted contemporaneously by tHe six volcanic cones 
tvhich rise from its surface, it will be obviously impossible to 
draw any argument from the formation of the Homitos, none 
of which exceed nine feet in height, as to that of mountains 
like ihe Puy de Dome, Chimboraco or Pichinca, the two 
Idtter of which are from 15 to 18,000 feet in height. The 
tbebi^y therefore built on the supposed example of JoruUo 
must fall to the ground.* 

It has been seen in another part of this Essay that the 
'peculiarity of figure assumed occasionally by masses of 
trachyte and basalt, is easily to be accounted for without 
liaving recourse to the agency of unknown and imaginary 
forces, or indeed any other than those with the operation of 
which we are thordughly conversaiK, and which' are fully 
equal to the purpose. 

I trust to be forgiven the apparent presumption of thus 
calling in question opinions formed by an observer of such 
acknowledged sagacity and experience as M. de Humboldt^ 
upon facts to which except through his accounts I am neces« 
sarily a stranger; no other description of the volcanos of 
Mexico having, I believe, been made public, i think, how- 
ever, it must be allowed that the focts of which we have the 
relation from M. de H. himself, by no means bear out the 
theory he has proposed to account for them, but tend, on the 
contrary, one and all, to refer the volcanic eruptions of 
Jorullo and its vicinity to the same class of phenomena which 
have been uniformly observed in other localities. 

In (act, in the process of argument from effects up to causes, 
no chain of reasoning can be stronger, no conclusion can be 
more imperative, than when, as in this instance, we are pos- 
sessed ot a considerable number of facts, all, without one ex- 
ception, going to support a certain origin,' and that not an 

* The other example adduced by Humboldt for the same purpose, viz. 
the supposed iutumescence of the plams that form themselves on the summit 
of volcanic cones in place of their craters, is equally inadmissible. It has 
been already shown, m the body of this work, tnat the craters are filled by 
a general law, from the accumulation of fragmentary ejections, and of 
lava swelling up from below. This will necessarily tend to produce a final 
convexity of surface ; but it would be manifestly absurd to argue from this 
form the existence of a vaulted cavily below. 
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